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In  recent  years,  Japanese  science  and  technology  have  made  re- 
markable St r ides,  approach i ng  in  that  respect  parity  with  the  Western 
developed  nations.  At  a time  when  even  the  United  States  can  no 
longer  expect  to  lead  across  the  entire  vast  spectrum  of  scientific 
and  technological  work,  it  is  becoming  increasingly  important  to 
keep  abreast  of  the  relevant  effort  in  other  advanced  countries, 
both  allies  and  adversaries.  Without  such  information  neither 
effective  competition  nor  fruitful  cooperation  is  possible. 

The  present  report  attempts  to  give  an  overview  of  the  present 
state  of  Japanese  science  and  technology  RED  and  to  assess  briefly 
some  of  the  major  fields  of  that  effort.  This  study  was  conducted  under 
the  auspices  of  the  Defense  Advanced  Research  Projects  Agency  (ARPA) 
and  is  intended  as  a contribution  to  that  agency's  continuing  concern 
with  science  and  technology  RED  abroad.  It  also  relates  to  ongoing 
Rand  research  on  various  technological  and  economic  aspects  of  RED 
in  the  United  States  and  in  foreign  countries. 
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SUMMARY 


This  study  seeks  to  identify  the  strengths  and  weaknesses  of 
Japanese  science  and  technology;  to  estimate  the  importance  of  foreign 
technology  to  Japanese  technological  advancement;  to  examine  the  power 
of  Japanese  business  management  and  government  policy  over  the  develop- 
ment of  science  and  technology;  and  to  identify  possible  areas  for 
U.S. -Japanese  collaboration. 

Japan's  science  and  technology  are  developing  rapidly,  as  can  be 
seen  from  Japan's  acquisition  of  U.S.  patents,  international  cross- 
licensing  agreements,  participation  in  international  joint  research 
efforts,  and  the  growing  list  of  Japanese  scientific  and  technological 
achievements . 

Japan  has  mounted  an  intensive  campaign  to  promote  domestic  tech- 
nology. Most  of  the  effort  has  been  concentrated  in  the  major  in- 
dustrial corporations  and  in  the  research  institutions  associated  with 
government  agencies  and  ministries,  which  work  closely  with  the  large 
industrial  laboratories.  Technology  with  a strong  commercial  potential 
has  been  the  focus.  (Basic  research,  largely  the  province  of  the 
universities,  has  been  poorly  funded;  and  research  related  to  military, 
space,  and  other  national  interest  applications  has  been  unimportant.) 

The  industrial  effort  has  been  selectively  applied  to  a small  number 
of  industries;  electrical  machinery  and  electronics,  autos,  chemicals, 
iron  and  steel,  and  ships  account  for  most  of  Japan's  industrial 
R6D  expend! tures. 

Much  of  the  basic  technology  upon  which  Japanese  efforts  build 
las  been  imported  from  abroad  by  licensing.  Prior  to  1968,  a time 
when  the  Ministry  of  International  Trade  and  Industry  (MITI)  tightly 
controlled  foreign  investment  in  all  sectors,  the  Japanese  systematically 
went  about  acquiring  the  technology  upon  which  to  develop  their  economy. 
The  United  States  was  the  source  of  almost  (>0%  of  that  technology. 
Technical  assistance  agreements  were  concluded  in  fields  from  petro- 
chemicals to  computers,  typically  calling  for  royalties  of  less  than 
S%  of  sa1es--a  bargain  for  Japanese  industry. 
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Since  1968,  with  Japan's  accelerating  ntovement  tcuvard  broad 
technological  parity  with  the  West,  the  quantity  of  imported  technology 
has  continued  to  gro\/  while  its  character  has  been  changing.  There 
has  been  a movement  away  from  technical  assistance  agreements  toward 
pure  patent  licensing.  Cross-licensing  has  also  increased,  and 
Japanese  companies  have  undertaken  joint  research  with  U.S.  companies. 
There  have  been  a few  wel 1-publ icized  exports  of  technology  in  such 
areas  as  urea  fertilizer  and  automotive  engines,  with  the  Japanese 
selling  improved  technology  back  to  its  source. 

Japanese  research  efforts  have  largely  paralleled  those  of  the 
United  States,  but  Japanese  industry  still  has  difficulty  competing 
head-on  with  the  giant  American  companies.  For  example,  IBM's  $730 
million  annual  expenditure  on  RsD  allows  it  to  conduct  research  in 
very-high-risk  basic  research  areas,  such  as  cryogenic  computers.  No 
Japanese  company  can  hope  to  emulate  such  an  effort.  Bell  and  Corning 
Glass  have  been  more  successful  in  developing  optical  fibers  than  have 
NEC  and  Nippon  Sheet  Glass  with  their  comparatively  limited  means. 
High-temperature  superconductors  and  high-energy  pulsed  lasers  will 
be  developed  in  the  United  States  rather  than  in  Japan. 

Japanese  companies  Instead  specialize  in  developing  and  improving 
existing  technology.  For  example,  the  Japanese  are  not  leaders  in 
basic  research  on  artificial  intelligence  or  hi gh-temperature  super- 
conducting materials,  but  they  have  developed  some  very  interesting 
industrial  robots  and  the  commercial  production  of  V^Ga  wire.  They 
did  not  originate  the  electron  microscope,  but  they  have  become  leaders 
in  its  development.  The  same  is  true  for  the  Tokomak  concept  for 
fusion  reactors,  welding  technology  for  shipbuilding,  and  oxygen  con- 
verters for  iron  and  steel  manufacturing. 

The  Japanese  have  had  to  be  selective  in  choosing  where  to  con- 
centrate their  R6D  efforts,  and  high-risk  pioneering  research  has 
been  given  low  priority  for  the  most  part.  This  can  cause  problems 
for  the  Japanese,  for  there  is  always  the  dinger  of  being  leapfrogged 
by  developments  elsewhere.  Possible  examples  are  fermentation  tech- 
nology and  ship  propulsion  systems,  in  which  Japanese  industry  has 
reached  high  levels  in  the  conventional  technology. 


Advanced  technology  may  be  increasingly  expensive  to  license. 

With  foreign  investment  largely  decontrolled,  foreign  firms  will  be 
more  insistent  on  joint  ventures,  and  market  rest»'ict  ions  on  the 
licensee  may  become  increasingly  onerous.  One  detects  a reluctance 
among  some  U.S.  companies  to  license  technology  to  Japan  now  that  the 
Japanese  are  approaching  technological  parity.  (But  any  reluctance 
has  yet  to  be  reflected  in  the  licensing  statistics.  This  question 
is  worthy  of  further  more  systematic  study.) 

Today  government  policy  in  Japan  is  to  concentrate  on  and  invest 
more  RSD  funds  in  "knowledge  intensive"  areas,  such  as  computers,  fine 
chemicals,  nuclear  energy,  semiconductors,  and  other  industries  where 
significant  levels  of  RfiO  expenditure  are  required  to  compete  on  world 
markets . 

Japan's  technological  capabilities  will  be  challenged  by  the  goal 
of  restructuring  industry  to  decrease  emphasis  on  the  heavy  industries, 
which  consume  large  amounts  of  raw  materials  and  where  technology  is 
relatively  stable,  and  increase  emphasis  on  "knowledge  intensive" 
industries,  which  have  a high  value  added  and  whose  technology  is 
rapidly  changing.  Her  greatest  successes  In  the  past  have  been  in 
areas  of  stable  technology.  Pioneering  breakthroughs  have  been  rare 
and  Indeed  have  not  been  sought.  The  new  basic  research  program  will 
require  greater  levels  of  R&D  funds.  There  is  especially  room  for 
improvement  in  funding  university  research,  but  industry  could  also 
bring  its  RsD  expenditure  as  a percentage  of  sales  more  in  line  with 
U.S.  figures. 

Because  present  economic  difficulties  make  substantial  real 
growth  in  R6D  expenditures  unlikely,  the  shift  toward  "knowledge  in- 
tensive" industries  is  likely  to  be  gradual  for  the  next  several  years. 
The  Japanese  will  still  have  to  be  selective,  but  they  have  long 
demonstrated  their  ability  in  product-oriented  R&D  of  commercial 
importance;  and  such  developments  as  Toyo  Rayon's  carbon  fiber. 
Professor  Masumoto's  amorphous  steel  alloy,  and  Furukawa  Electric's, 
superconducting  wire  indicate  they  will  be  successful  in  product 
development  in  "knowledge  intensive"  areas,  even  if  most  fundamental 
innovations  continue  to  come  from  abroad. 


V 


I 


The  government  is  responsible  for  the  long-term,  large-scale 
research  efforts.  Deciding  where  to  concentrate  government  R6D  efforts 
involves  accommodating  the  interests  of  the  different  goveinment 
agencies  and  often  of  industry.  The  projects  chosen  aim  at  satisfying 
long-term  national  and  industrial  needs.  Japanese  transportation 
problems  stimulated  research  on  road  traffic  control  and  magnetically 
levitated  trains.  Pollution  promoted  rese-rch  on  flue  gas  desulfuri- 
zation and  electric  cars.  The  lure  of  oceanic  resources  has  stimulated 
research  on  desalination  and  remotely  controlled,  deep-sea  oil  drilling. 
New  sources  of  energy  and  tne  efficient  uses  of  present  energy  re- 
sources are  also  emphasized. 

The  greatest  opportunity  for  government  to  government  cooperation 
lies  in  large-scale  projects  of  national  interest,  such  as  magneto- 
hydrodynamic  (MHD)  power  generation,  plasma  fusion,  road  traffic 
control,  cryogenic  paver  transmission,  magnetically  levitated  trans- 
portation, and  solar  energy.  Both  the  United  States  and  Japan  have  a 
keen  interest  in  those  fields  and  could  mount  joint  efforts  to  their 
mutual  benefit. 
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I.  INTRODUCTION 


The  goal  of  this  study  is  the  assessment  of  the  present  status  of 
Japanese  science  and  technology.  We  have  five  main  objectives. 

First,  we  will  attempt  to  identify  str’enjthii  and  weaknesses  of 
Japanese  science  and  technology.  In  which  fields  do  the  Japanese  have 
strong  research  and  development  capabilities?  In  which  fields  do 
they  concentrate  their  efforts?  Where  have  the  greatest  accomplish- 
ments been  achieved?  Where  have  there  been  failures? 

Second,  we  will  attempt  to  find  reasons  for  these  strengths  and 
weaknesses,  placing  the  present  situation  in  historical  context.  Was 
a given  individual  important?  Are  there  national  characteristics  or 
circumstances  that  call  for  priorities  different  fron.  those  elsewhere? 

Third,  we  will  examine  the  role  that  the  imfwrtation  of  foreign 
teehnology  has  played  in  the  development  of  Japanese  science  and  tech- 
nology in  the  post-World  War  II  period.  How  has  the  character  of  that 
importation  been  changing  as  the  Japanese  reach  world  technological 
levels?  How  have  the  Japanese  gone  about  acquiring  this  foreign  tech- 
nology? How  may  the  attitudes  of  the  suppliers  of  the  technology  be 
changing?  How  are  Japanese  attitudes  to  the  importation  of  technology 
chang i ng? 

Fourth,  we  will  examine  Japanese  business  management  and  government 
policy,  as  well  as  their  interaction,  to  determine  how  these  facts 
affect  research  and  development  in  science  and  technology.  Does  govern- 
ment have  a longer  term  outlook?  Is  the  attitude  toward  domestic  R6D 
and  to  the  importation  of  foreign  technology  changing?  Are  the 
approaches  to  managing  RSD  changing,  especially  in  "high  technology" 
or  "knowledge  Intensive"  areas? 

Finally,  our  long-term  objective  is  to  identify  possible,  areas 
for  fruitful  U, S. -Japanese  collaboration,  a subject  of  special  concern 
to  U.S.  and  Japanese  government  agencies.  Therefore,  our  approach  has 
been  comparative.  We  use  the  United  States  as  a yardstick  to  measure 
Japanese  programs.  Comparisons  are  also  made  with  West  European 
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nations  and  the  Soviet  Union  when  appropriate.  We  will  touch  upon 
the  question  of  collaboration  in  our  Conclusions. 

This  report  is  but  a first  attempt  to  clarify  the  above  key 
questions.  We  have  worked  under  limitations  of  time  and  of  access 
to  materials.  We  have  made  extensive  use  of  a wide  range  of  sources 
of  information  that  were  available.  This  included  a variety  of 
statistical  data  from  U.S.,  Japanese  and  OECD  public  agencies, 
previous  official  and  private  surveys  of  various  aspects  of  Japanese 
science  and  technologv,  recent  review  articles  of  specific  areas, 
reports  of  important  recent  developments,  assessments  by  specialists, 
and  interviews  with  scientists  and  engineers  who  have  a direct  personal 
knowledge  of  Japanese  R&D  efforts,  often  through  extended  stays  in 
Japan  or  participation  in  technical  assistance  programs.  We  were 
able  to  talk  to  several  Japanese  scientists,  working  in  or  visiting 
the  Califijrnia  area.  We  have  attempted  to  check  our  sources  against 
one  another. 

We  focus  for  the  most  part  on  industrial  science  and  technology. 
This  is  the  area  of  greatest  Japanese  strength  and  emphasis,  and  per- 
haps the  area  of  greatest  interest  to  U.S.  government  agencies.  In 
addition  statistical  data  were  much  more  extensive  in  covering  in- 
dustrial research  efforts,  and  judging  the  quality  of  the  research 
could  be  somewhat  more  quantitative.  University  research  as  it  relates 
to  areas  of  industrial  interest  will  also  be  discussed.' 

In  dealing  with  th'»s  very  big  and  complex  subject  we  have  en- 
countered many  proble'.s.  Most  of  these  are  of  a methodological  nature, 
and  are  topics  of  c^rent  research  in  the  field  of  diffusion  of  tech- 
nology. International  comparisons  are  difficult  to  make.  Definitions 
of  researcher  and  of  research  and  development  vary  from  country  to 
country,  as  do  attitudes  to  importing  technology.  Criteria  for 
assessing  relative  strengths  and  weaknesses  remain  qualitative.  We 
have  found  it  difficult  to  measure  the  extent  of  improvement  of  im- 
ported technologies  in  any  quantitative  fashion,  especially  when 
dealing  with  the  cumulative  effect  of  the  small  improvements  for  which 
the  Japanese  are  renowned. 
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Measuring  the  extent  of  dependence  on  foreign  technology  is  also 
a difficult  task.  How  much  technology  is  transferred  in  the  open 
literature?  Does  the  absence  of  technical  assistance  agreements  make 
a company  independent?  These  are  questions  we  cannot  really  address 
here.  We  will  point  out  problems  with  the  methodological  tools  we 
use  in  the  text.  Further  study  to  develop  methodological  tools  for 
this  ;ort  of  international  technological  comparison  is  clearly 
warranted . 

We  will  organize  the  report  as  follows.  In  Section  II  we  present 
an  overview  of  science  and  technology  in  Japan.  We  discuss  the 
structure  of  research  and  development  — government  policy,  business 
management,  and  the  role  of  foreign  technology.  In  Section  I 1 1 we 
present  summaries  of  the  present  status  of  selected  areas  of  in~ 
dustrial  science  and  technology.  This  review  is  not  meant  to  be  ex- 
haustive, but  to  help  reveal  patter's  and  trends  in  overall  Japanese 
capabilities.  Supporting  statistical  evidence  of  possible  interest 
to  some  readers  will  be  placed  in  the  appendix. 
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Footnote 


The  main  area  we  are  neglecting  is  basic  research  in  the 
universities  on  areas  of  immediate  interest  to  industry. 
This  includes  medicine,  astronomy,  geology  and  seismology, 
most  of  mathematics,  most  of  biology,  and  much  basic 
physics.  Work  in  these  areas  Is  almost  exclusively  done 
in  the  universities.  Our  neglect  does  not  mean  there  are 
not  significant  achievements.  In  such  diverse  fields  as 
geophysics,  meteorology,  and  the  study  of  gastro-intestlnal 
cancer,  the  Japanese  are  among  the  world  leaders.  In  all 
three  of  these  cases  the  need  to  solve  problems  Important 
to  Japan  have  spurred  efforts.  On  the  other  hand,  in  such 
fields  as  experimental  high  energy  physics  and  astronomy, 
which  require  significant  expenditures  and  Involve  only 
Intellectual  returns,  the  Japanese  work  is  rather  modest. 
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II.  OVERVIEW  OF  SCIENCE  AND  TECHNOLOGY  IN  JAPAN 


A.  RESEARCH  AND  DEVELOPMENT  IN  JAPAN  OVERALL  BUDGET  AND  MANPOWER 

In  fiscal  1972  (April  1,  1972  - March  31,  1973)  Japan  spent 
1586.7  billion  yen  (about  $5.3  billion)  on  research  and  development 
in  science  and  technology.^  This  expenditure  has  been  growing  very 
rapidly  from  a very  low  base,  outpacing  the  rapid  increase  in  Japan's 
GNP.^  (See  Table  1) 

In  1972  Japan  devoted  1.66^  of  GNP  to  research  and  development 
in  science  and  technology.  This  percentage  is  still  well  below  those 
of  the  U.S.  (2.6^  in  1971)  and  the  U.S.S.R.  (3.0%  in  1971),  and 
slightly  below  European  percentages  (West  Germany,  2.01%,  France, 

1.75%,  U.K.,  2.11%,  all  in  1971).^  The  Japanese  percentage  has  been 
rising  slowly  over  time,  with  the  biggest  jump  occurring  in  the  late 
1960's. 

It  will  be  interesting  to  see  if  total  R6D  expenditures  keep  up 
with  the  rapid  rate  of  inflation  in  fiscal  1973  and  fiscal  1974. 

Japanese  statistical  data  identifies  three  sectors  of  R6D 

it 

performance:  private  industry,  research  institutions,  and  universities. 

Private  industry  includes  public  corporations  such  as  Japan  Broad- 
casting Corporation  (NHK) , Japan  National  Railway  (JNR) , and  Nippon 
Telephone  and  Telegraph  (NTT).  Research  institutions  include  all 
government  research  Institutes,  chartered  corporations  established 
solely  for  research  purposes  such  as  the  Japan  Atomic  Energy  Research 
Institute  (JAERl)  and  the  Physical  and  Chemical  Research  Institute, 
non-profit  organizations,  and  private  foundations.  Universities 
include  all  national,  public,  and  private  universities  and  colleges, 
and  their  associated  research  laboratories.^ 

The  industrial  sector  is  preponderant  (Table  2).  Aside  from  a 
brief  period  in  the  mid-l960's  the  share  of  the  industrial  labs  in 
R6D  expenditures  has  been  about  66%.  The  universities  have  averaged 
about  19^  and  the  research  institutions  about  15%.  In  this  respect 
Japan  is  not  unlike  the  U.S.,  where  $18.4  billion  out  of  the  $27.3 
billion  spent  in  1971  on  R6D  (67%)  were  spent  in  the  industrial  sector. 
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Fi  sea  1 
Year 


SOURCES; 


Expend i tures 
on  R&O 

Billion  Yen  (A) 


245.2 


281  .2 


321.1 
381  .8 
425.8 

488.7 
606.3 

767.8 


933.2 


195.3 

1345.9 

1586.7 


Billion  Yen  (B) 


25,592 

29,662 

32,813 

38,450 

45,322 

53,368 

62,997 

73,248 

81 ,093 

95,564 


(Percentages) 


Bureau  of  Statistics,  Office  of  the  Prime  Minister. 
Report  on  the  Survey  of  Research  and  Development  in 
Japan  (for  1973).  Tokyo,  1974,  p.  48  (Hereafter 
cited  as  RSD  in  Japan). 


Budget  Bureau,  Ministry  of  Finance.  ^ The  Budget  in 
Brief  - Japan  1974.  Tokyc , 1974,  p.  6. 


Bureau  of  Statistics,  Office  of  the  Prime  Minister, 
Japan  Statistical  Yearbook^  2972.  Tokyo,  1973,  p.  487 


NOTE:  1.  All  figures  are  in  current  yen. 


Japan's  fiscal  year  runs  from  April  1 to  March  31. 
FY  1972  goes  from  April  1,  1972,  to  March  31,  1973 
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Table  2 

EXPENDITURES  ON  R&O  IN  SCIENCE  AND  TECHNOLOGY 
(%  share  of  each  sector  - Japan) 


Un i vers i t ies 


Research  Institutions 


SOURCE:  RSD  in  Japan,  1973,  Summary  Table  2-2,  p.  ^8-49. 

Organization  for  Economic  Co-operation  and  Develop 
ment,  Reviews  of  National  Science  Policy,  Japan. 
Paris,  1967f  p.  18^. 

NOTE:  Science  and  technology  includes  natural  science, 

engineering,  agricultural  science,  and  medicine. 
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In  1972  private  sources  provided  m of  funds  for  R6D  in  science 
and  technology  in  Japan,  with  the  remaining  11%  coming  from  the 
government.  This  is  the  smallest  percentage  of  any  of  the  large 
developed  nations.  (Table  3 presents  a comparison  with  other  nations.) 
Germany  most  closely  resembles  Japan  with  60^  of  expenditures  coming 
from  private  sources,  while  the  government  contribution  is  greater 
than  50^  for  the  U.S..  U.K..  and  France.  One  basic  difference  re- 
sponsible for  Japan's  low  percentage  is  the  low  funding  of  defense- 
related  R6D  in  Japan  reflecting  postwar  Japan's  de-emphasis  of 
...ilitary  expenditures.  Military  objectives  account  Tor  much  of  the 
government  support  of  industrial  R6D  in  the  U.S.  and  elsewhere. 


m 


In  1972  government  support  for  the  industrial  sector  in  Japan 
was  only  2.6^  of  all  expenditures  for  research  in  that  sector. 


m 


The  government  supplied  86*  of  the  funds  for  reseerch  institutions. 

99*  of  the  funds  for  netionel  end  public  universities,  and  9*  of  funds 
for  private  universities.  We  will  see  that  much  of  the  27  billion 
yen  going  to  industry  is  used  for  very  specific  purposes.  This  $90 
...illion  grant  to  Industry  Is  of  course  dwarfed  by  the  grants  in  other 
countries:  In  1971.  U.S.  government  support  of  industrial  ROD  stood 

at  $7.8  billion,  62*  of  all  industrial  R6D  expenditures.  This  should 
not  be  taken  as  an  indication  of  the  relative  influence  of  government 

on  industrial  R6D  policy,  however. 

The  different  sectors  put  a different  emphasis  on  various  types 
of  research  and  development.'  The  industrial  sector  clearly  con- 
centrates on  applied  and  developmental  research.  Only  8*  of  1972 

_ , e 22i  was  for  applied  research, 

expenditures  was  for  basic  research, 

and  70*  for  developmental  research.  The  research  institutions^ 
place  their  greatest  emphasis  on  applied  research.  The  universities 
emphasize  basic  research  in  science.  Because  of  the  heavy  stress 
on  basic  and  applied  research  in  the  universities  and  research 
institutions.  Japan  actually  devotes  o relatively  high  percentage 
of  its  overall  science  budget  to  this  sort  of  research.  In  1971. 
50.2*  went  to  development,  25.8*  to  applied  research  and  23.9* 

U 9 Cnsr  fhp  II  S in  1971.  basic  research  received 
to  basic  research.  For  the  u.a.  in  ly/i, 
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Table  3 

EXPENDITURES  ON  R6D:  SOURCES  OF  FUNDS,  FY  1969-72 

(In  percent^ 


Country 

Year 

Publ ic 

Private 

Japan 

1969 

26.3 

73.7 

1970 

25.2 

73.8 

1971 

27.  h 

72.6 

1972 

27.2 

72.8 

U.S. 

1970 

56.2 

I«3.8 

U.K. 

1969 

50.6 

kS.k 

F ranee 

1969 

62.3 

37.1 

West  Germany 

1969 

39.1 

60.9 

SOURCES:  For  United  States:  National  Science  Board, 

National  Science  Foundation,  Science  Indicators 1972, 
Washington,  D.C.,  1973»  p.  109.  For  other  countries: 
Science  and  Technology  Agency,  Prime  Minister's  Office, 

Surmary,  Fiscal  Year  1972:  White  Paper  on  Science  and 

Technology,  Tokyo,  1973,  p.  ^8;  R&D  in  Japan,  197S,  p.  50. 


Table  4 

MANPOWER  DEVOTED  TO  R6D  IN  DEVELOPED  NATIONS 


Country 

Year 

Number  of 
Researchers 

Researchers  per 
1000  Population 

Japan 

1970 

172,002 

1.7 

1971 

19^«,3'»7 

1.9 

1972 

198,084 

1 .9 

1973 

226,604 

2.1 

U.S. 

1972 

535,000 

2.6 

U.K. 

1972 

43,588 

0.8 

France 

1972 

54,692 

1.1 

West  Germany 

1972 

72,004 

1.2 

U.S.S.R. 

1970 

672,080 

2.8 

SOURCES:  RSD  in  Japan,  1973,  p.  25;  Technocrat, 

January  I97I4,  p.  93. 
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14.3^  of  expenditures,  applied  research  22.3^,  and  development 
63.4?;.'°  (However,  one  must  be  wary  of  definitional  problems 

between  countries.) 

One  characteristic  of  Japanese  research  and  development  is  the 
large  amount  of  manpower  devoted  to  the  effort.  In  1973  there  were 

227.000  regular  research  workers  in  Japan.''  This  was  2.1  researchers/ 

1.000  of  population.  This  approaches  the  U.S.  figure  of  2.6  re- 
searchers/1000 of  population  in  1970,  and  exceeds  significantly  the 
figures  for  West  Germany,  France,  and  the  U.K.  (Table  4). 

Of  the  227,000  regular  researchers  in  1973,  125,000  were  employed 
In  companies,  27,000  in  research  institutions  and  75,000  in  the  uni- 
versities. The  number  of  researchers  has  been  increasing  steadily 
over  time  (Table  5)  with  growth  especially  rapid  in  the  university  and 
industrial  sectors.  In  fact,  in  1972  the  number  of  Japanese  university 
researchers  passed  the  number  of  U.S.  university  researchers.  However, 
university  researchers  are  very  poorly  supported  in  Japan.  Expenditure 
per  researcher  in  the  university  sector  was  only  3.8  million  yen  in 
1972,  as  opposed  to  9.5  million  yen  in  the  research  institution  sector, 
and  8.4  million  yen  in  the  industrial  sector.  Low  university  funding 
has  been  the  historical  pattern  in  Japan  (Table  6).  Note  that  the 
slow  increase  in  the  number  of  researchers  in  the  research  institution 
sector  has  allowed  that  sector  to  become  the  best  funded  per  researcher. 

Another  indication  of  the  relative  prosperity  of  the  different 
sectors  of  performance  of  R&D  is  the  division  of  expenditures  among 
wages  and  salaries,  materials,  fixed  assets,  and  other  expenditures. 

A higher  percentage  of  the  universities'  already  meager  funding  goes  to 
salaries  and  wages  than  in  the  other  sectors  (Table  7)  leaving  even 
less  for  equipment  and  other  expenses  required  to  do  research.  This 
underutilization  of  university  researchers  is  a major  problem  for 
Japanese  science  policy. 


I 


10 


Table  5 

RESEARCHERS  IN  R£D,  BY  SECTOR- 
JAPAN-U.S.  COMPARISON 


Japan 

1 ndustry 

Un i vers i ty 

Research 
1 nst i tut  ions 

Tota  1 

1961 

46,110 

28,337 

16,520 

90,967 

1965 

65.357 

43,625 

19,946 

128,928 

1968 

82,516 

52,373 

22 , 1 68 

157,057 

1969 

94,060 

55.240 

22,702 

172,002 

1970 

111,244 

59.747 

23,356 

194,347 

1971 

112.763 

60,503 

24,818 

198,034 

1972 

124,795 

75,159 

26,650 

226,604 

U.S. 

Industry 

Un i vers i ty 

Federal 

Government 

Other 

Total 

1961 

312,000 

42,400 

50,600 

20,200 

425,200 

1965 

343,400 

53,400 

64,200 

30,500 

496,200 

1968 

381 ,900 

66,000 

68,300 

34,400 

550,600 

1969 

385,300 

68,300 

70,300 

35.000 

559,400 

1970 

yiiM^ 

68,500 

69,800 

34,000 

549.700 

1971 

363,400 

68,400 

68,500 

32,500 

532,800 

1972(Est.)356,000 

67,600 

68,000 

33,800 

525,400 

SOURCES:  Science 

Indicators, 

1972,  p.  no. 

R&D  in  Japan,  1973, 

p.  44-45. 

II 


Table  6 ] 

1 

RESEARCH  EXPENDITURES  PER  RESEARCHER  IN  JAPAN,  BY  SECTOR 

(in  10,000  yen) 


Year 

Industry 

Research 
1 nst i tutes 

Universities 

1961 

355 

237 

133 

1965 

386 

337 

243 

1968 

611 

1*76 

279 

1969 

668 

551 

301 

1970 

71*0 

647 

3*48 

1971 

79'* 

780 

395 

1972 

837 

917 

383 

SOURCE:  R&O  in  Japan,  197^,  pp.  57,  61, 

65. 


Table  7 


PERCENTAGE  EXPENDITURES  ON  R&D  BY  ITEM,  1972 


Sector 

Wages 

and  Salaries 

Mater ia 1 s 

Fixed 

Assets 

Other 

Expenses 

A1 1 sectors 

46.6 

16.5 

20.7 

16.2 

1 ndustry 

45.3 

19.5 

17.4 

17.8 

Research  institutions 

39.2 

1 1 .8 

33.7 

15.3 

Universi t ies 

57.9 

9.3 

21.2 

11.6 

SOURCE:  RSD  in  Japan,  1973,  pp.  kQ-kS. 
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RESEARCH  AND  DEVELOPMENT  IN  JAPAN 
OVERALL  BUDGET  AND  MANPOWER 


Footnotes 

1.  Science  and  technology  includes  natural  science,  engineering, 

agriculture,  and  medical  science. 

2.  Our  statistics  are  in  current  yen,  not  taking  into  account  the 

rate  of  inflation  in  Japan.  For  converting  to  U.S.  dollar 
figures,  we  use  360  yen  = $1  for  the  period  through  1971, 

300  = $1  for  1972  and  after,  considering  this  a fair  long- 
term value.  By  using  360  = $1  for  the  late  1960's,  we 
are  undervaluing  the  expenditure  on  R&D. 

3.  Figures  taken  from:  Science  Indicator's,  1972,  National  Science 

Board,  1973,  p.  102.  We  are  using  these  figures  at  their 
face  value.  We  have  not  attempted  to  check  how  definitions 
of  R6D  expenditures  vary  between  countries. 

4.  See  OECD,  Reviews  of  National  Science  Policy,  Japan,  1967, 

p.  67,  showing  which  public  corporations  are  in  which  sector. 

5.  National  universities  are  supported  largely  by  the  national 

government,  public  universities  primarily  by  local  (municipal 
and  prefectural)  government,  and  private  universities  largely 
from  private  sources. 

6.  Figures  here  and  below  are  taken  from  Summary  Table  3»  R&D  in 

Japan,  1973,  p.  50. 

7.  By  basic  research  we  mean  research  undertaken  pri.iiarily  for  the 

advancement  of  scientific  knowledge,  with  no  specific  practical 
application  in  view.  Applied  research  is  research  undertaken 
primarily  for  the  advancement  of  scientific  knowledge,  with  a 
specific  practical  application  in  view.  Developmental  re- 
search is  the  use  of  available  results  of  basic  and  applied 
research  directed  to  practical  ends. 

8.  R&D  in  Japan,  1973,  Table  II,  p.  29- 

9.  Technocrat,  January,  197l<i  p-  93* 

10.  Science  Indicators,  1972,  Table  l4d,  p.  110. 

11.  A regular  research  worker  is  one  who  has  a university  degree  or 

equivalent  and  2 years  or  more  of  research  experience  and  who 
conducts  research.  Researcher  will  be  used  in  this  sense 
throughout  the  report. 

12.  The  definition  of  researcher  varies  from  country  to  country,  and 

these  figures  should  only  be  interpreted  qualitatively. 
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B.  SCIENCE  POLICY  IN  JAPAN 

Japan  has  a long  tradition  of  a strong  governmental  role  in 
science  and  technology.  Through  "administrative  guidance"  vior,ei 
!^hidd,'  licensing  restrictions,  and  fiscal  policies  the  Japanese 
bureaucracy  is  in  a position  to  exert  a decisive  influence  over  the 
direction  of  the  Japanese  technological  effort  and  to  affect  major 
R&D  decisions  of  industry.  The  impact  of  the  government  is  particul- 
arly pronounced  in  the  university  and  research  institution  sector, 
where  government  funding  plays  an  important  role  and  many  of  the 
personnel  have  the  status  of  government  employee. 

!•  Institutional  Framework 


A great  variety  of  agencies  and  institutions  play  a role  in 
government  science  policy.*  The  principal  actors  are  briefly  charac- 
terized below.  It  should  be  noted,  however,  that  the  jurisdictional 
lines  suggested  by  our  summary  description  of  the  institutional  frame- 
work are  not  always  as  neat.  There  is  ample  evidence  of  rivalry  among 
the  various  organizations  concerned  with  science  policy  and  frequently 
political  factors  loom  larger  than  adminisirat ive  efficiency  as  the 
criterion  for  jurisdictional  decisions  or  the  allocation  of  funds  for 
research  and  development. 

The  Saienc^^  and  Technoloou  (STA)  is  one  of  the  external 

organs  of  the  Prime  Minister's  Office,  but  has  some  bureaucratic  clout 
since  It  IS  headed  by  a cabinet  rank  director.  In  theory  at  least, 
it  is  responsible  for  the  coordination  of  fundamental  government 
science  policy,  for  governmental  research  and  for  the  preparation  of 
the  overall  research  budget.  However,  it  has  no  control  over  the 
important  university  sector,  which  is  the  domain  of  the  Ministry  of 
Education.  STA  supports  research  at  several  national  laboratories 
such  as  the  National  Aerosp=*re  Lab  (wa.L)  and  at  "corporations  under 
special  charter"  such  as  the  Japan  Atomic  Energy  Research  Institute 
(JAERI),  and  the  National  Space  Development  Agency  (NASDA) . Thus  it 


Though  frequently  used  this  is  not  a legal  term  in  the  strict 
sense.  "Administrative  guidance"  can  take  various  forms,  ranging 
from  encouragement  and  suggestions  of  an  unofficial  nature,  to 
warnings,  official  requests  or  instructions. 
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is  largely  responsible  for  the  broad  national  projects  in  such  areas 
as  space  and  nuclear  energy  research.  In  the  latter  field  it  has  a 
virtual  monopoly.  But  the  STA  has  direct  control  of  a relatively 
small  percent  of  the  government  science  budget  (about  \^%) . The 
principal  sources  of  funding  are  the  various  ministries. 

The  Miniatrn  of  Intermational  Tmde  and  Indur^trij  (Mill)  has  the 
primary  responsibility  in  areas  of  industrial  science  policy.  Its 
Agency  for  Industrial  Science  and  Technology  (AIST)  administers  six- 
teen laboratories  and  research  institutes  and  coordinates  the  "big 
projects"  sponsored  by  MITI  under  the  national  R&D  program  (see  next 
section).  The  research  institutes  include  the  Electro  Technical 
Laboratory,  the  Mechanical  Engineering  Laboratory,  the  National 
Chemical  Laboratory  for  Industry,  the  government  Industrial  Research 
Institute,  and  the  Fermentation  Research  Institute.  We  will  examine 

MITI  in  more  detail  below  in  Section  2. 

The  Ministvii  of  Eduoation  through  its  Education  Bureaus  and  the 
Science  and  International  Affairs  Bureau  has  responsibility  for  all 
research  carried  out  in  the  national,  i.e..  government-operated  uni- 
versities, and  for  about  k0%  of  government  R&D  expenditures.  It  will 

be  examined  in  more  detail  below  in  Section  3. 

The  Ministry  of  Transportation  has  Jurisdiction  over  the  Ship 
Research  Institute,  the  Meteorology  Agency,  and  the  Railway  Technical 

Research  Institute. 

The  Ministry  of  Posts  and  Telecormunioationn  has  responsibility 
for  the  three  public  communications  corporations.  NHK.  KDD.  and  NTT. 
and  through  them  for  their  important  research  institutes. 

The  Ministry  of  Health  and  Welfare  is  charged  with  responsibility 
for  research  Institutes  in  the  medical  field.  Several  other  ministries 
including  Agriculture.  Construction,  and  Labor  also  have  .their  own 

"esearch  institutes. 

The  Science  Council  of  Japan  (SCJ)  is  an  advisory  body  attached 
to  the  Prime  Minister's  Office.  Its  210  members  are  elected  by  the 
research  community  with  about  200.000  people  having  voting  rights. 
Since  it  includes  people  from  human  and  cultural  sciences,  and  since 
its  membership  differs  sharply  with  the  (conservative)  liberal 
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Democratic  Party  in  its  political  outlook,  this  body  tends  to 
play  only  a subordinate  role  in  the  formulation  of  policy  in  areas 
of  naturai  science  and  technology. 

The  Couru-il  fov  Saiptu'c  and  Tpc‘hnolo<jn  (CST)  is  responsible  for 
advising  on  broad  national  icience  policy.  Its  membership  includes 
the  Prime  Minister,  the  Ministers  of  Education  and  Finance,  the 
president  of  SCJ , the  directors  general  of  the  Economic  Planning 
Agency  and  the  STA,  and  five  other  individuals  appointed  by  the  Prime 
Minister.  Like  most  Japanese  advisory  bodies,  it  is  heavily  dependent 
on  the  government  bureaucracy  for  administrative  support,  supplied  in 
this  case  by  the  STA.  Evidence  suggests  that  this  high-level  com- 
mittee actually  is  satisfied  with  ratifying  the  decisions  reached  by 
consensus  at  lower  levels. 

Jhe  Ministvij  of  Finanac,  through  its  budget  responsibilities  and 
its  control  over  tax  policy,  and  in  conjunction  with  the  Bank  of 
Japan  (BOJ)  over  foreign  exchange,  plays  a major,  if  indirect,  role 
in  science  policy  as  it  relates  to  both  private  and  public  sectors. 
Whereas  MiTI  tends  to  promote  vigorously  any  program  that  seems  to 
serve  the  interests  of  industry,  the  budget  officials  of  the  Finance 
Ministry  traditionally  are  feared  as  meticulous  scruvinizers  of 
budgetary  requests,  thus  serving  as  a balance  to  the  more  expansion- 
and  expenditure-minded  economic  ministries.  (For  example,  Japan's 
Sunshine  Project  [for  new  energy  R&D]  located  in  MITI  saw  recently  its 
cherished  plan  for  a national  energy  research  institute  ruthlessly 
deleted  by  the  Ministry  of  Finance's  Budget  Bureau.) 

2.  Government- Industry  Interaction 

The  Ministry  of  International  Trade  and  Industry  (MITI)  plays  the 
primary  role  in  promoting  industrial  technological  development.  It 
has  very  close  ties  to  the  industries  with  which  it  deals.  Many  of 
its  top-level  administrators  move  after  retirement  into  the  higher 
echelons  of  business  enterprises,  and  people  in  industry,  both 
administrative  and  technical,  take  leaves  of  absence  to  join  MITl's 
research  laboratories  for  short  periods  of  time. 


Of  special  importance  in  policy  making  in  AIST  is  the  Industrial 

Technology  Council,  an  advisory  organ  that  draws  on  experts  from  all 

areas  of  Japanese  science  and  technology,  including  many  representatives 
2 

of  industry.  The  Council  is  subdivided  into  sections  and  working 
groups  which  cover  the  entire  range  of  MITI's  jurisdiction. 

Through  AIST,  MITI  supports  technological  developments  by  private 
industry  and  implements  RSD  projects  in  its  own  associated  laboratories. 

Of  particular  importance  is  MITI's  National  Research  and  Development 
Program,  established  in  1966  to  focus  funds  and  manpower  on  special 
"big  projects."  These  projects  aim  at  developing  technologies  that 
fulfill  five  requirements:  (I)  They  must  be  urgently  needed;  (2)  they 

must  have  a widespread  effect;  (3)  risk  must  be  so  high,  because  of  the 
large  financial  sums  and  prolonged  research  required,  that  industry 
would  not  develop  them  by  itself;  (I4)  the  targets  must  be  clearly  de- 
fined and  accompanied  by  a definite  plan;  (5)  they  must  require  the 
concentration  of  the  efforts  of  the  several  sectors  of  performance. 

These  projects  administered  by  AIST  receive  substantial  funding  from 
MITI  (often  several  million  dollars  per  year),  and  research  is  carried 
out  in  both  Industrial  and  government  research  labs.  Currently  the 
program  includes  projects  on  Magneto-Hydrodynamic  generators  (MHD) , sea 
water  desalting,  electric  vehicles,  technology  for  automobile  traffic 
control  and  for  recycling  resources.  The  typical  time  period  for  these 
projects  is  six  years. 

Industry  is  also  expected  to  make  major  financial  contributions 
to  these  projects.  The  government  labs  involved  are  not  just  those 
associated  with  MITI.  For  instance,  the  National  Aerospace  Lab, 
associated  with  STA,  is  collaborating  with  Ishikawaj ima-Har ima  Heavy 
Industries  (IHI)  on  the  jet  engine  project. 

Not  all  of  MITI's  major  projects  are  part  of  the  National  Research 
and  Development  Program.  Such  projects  as  the  construction  of  a hydraulic 
model  of  the  Seto  Inland  Sea  for  use  in  water  pollution  studies  receive 
substantial  funding  (over  $3  million  in  Fiscal  Year  1972)  but  do  not 
fulfill  the  requirements  of  being  long  term  and  requiring  substantial 
cooperation. 

MITI  is  not  alone  In  sponsoring  projects  that  involve  industry 
and  a cross-section  of  research  institutes.  There  is  significant 
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industrial  participation  in  the  nuclear  energy,  ocean  development, 
space,  and  environment  efforts.  The  coordination  of  these  efforts 
IS  in  the  hands  of  the  STA  in  the  first  three  cases,  and  the  Environ- 
ment Agency  in  the  last.  But  a great  deal  of  responsibility  often 
lies  with  other  ministries.  It  would  be  interesting  to  study  a few 
cases  in  detail  to  try  to  understand  the  process  of  accommodation— 
or  in  some  instances  non-accommodation  of  interests.  (The  Ministry 
of  Education  reportedly  has  prevented  university  participation  in 

certain  MITl  and  STA  projects,  probably  because  of  jurisdictional 
problems ) . 

A major  force  on  the  industrial  side  of  the  government- i ndus try 
interaction  is  Keidanren  (Federation  of  Economic  Organizations).  The 
other  Big  Four  business  groupings,  generally  coordinating  their 
policies  and  economic  strategies,  are  Nissho  (Japan  Chamber  of  Commerce), 
Nikkeiren  (Japan  Federation  of  Employers  Associations)  and  the  policy 
issue  oriented  Keizai  Doyukai  (Japan  Committee  for  Economic  Development). 
The  Keidanren,  representing  Japan's  largest  business  interests,  inter- 
acts with  the  various  ministries  and  agencies  in  deciding  the  involve- 
ment of  industry  in  priority  research  projects.  For  instance,  the 
Space  Activities  Promotion  Council  of  Keidanren  interacts  strongly 
with  governmental  agencies  in  the  space  program.  The  same  is  true  of 
the  organization's  Energy  Committee. 

As  we  have  seen  above,  direct  government  support  of  industrial 
R6D  is  smal  I,  constituting  only  2.6?:  (about  $90  million)  of  all  funds 
spent  on  RSD  by  private  industry.  However,  these  direct  subsidies  have 
been  focused  and  have  played  a large  role  in  certain  priority  areas 
such  as  computers  and  superconducting  technology  in  recent  years,  and 
fermentation  technology  in  the  late  I950's. 

More  important,  however,  have  been  non-subsidy  areas  of  control. 

As  we  will  see  below,  technological  imports  have  played  a large  ro.f 
in  the  development  of  Japanese  technology.  These  imports  were  con- 
trolled by  the  government  under  the  1950  Foreign  Investment  Law  until 
1968  when  most  areas  were  liberalized  under  pressure  from  Japan's 
trading  partners,  especially  the  OECD.^  A more  extensive  discussion 
of  the  government  attitude  toward  technology  importation  will  be 
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presented  below.  Suffice  it  to  say  at  this  point  that  the  government 
could  and  did  reject  the  importation  of  technologies  if  they  were 
not  felt  to  be  in  the  national  interest.  MlTl  also  aided  in  the 
negotiation  of  licensing  agreements,  often  placing  the  full  power  of 
the  Japanese  government  behind  the  Japanese  companies  negotiating  with 
foreign  giants,  such  as  IBM.  The  Japanese  were  thus  able  to  get  the 

best  deal  possible  on  foreign  technology. 

The  government  also  employs  fiscal  measures  to  aid  industrial 
R6D.^  One  measure  allows  a 2S%  depreciation  writeoff  in  the  first 

year  of  life  of  research  equipment. 

Loans  are  also  available  from  the  National  Technology  Promotion 
Fund  of  the  Japan  Development  Bank.  These  are  more  often  for  the 
application  of  new  technologies  and  not  directly  related  to  R6D 


efforts . 

Government-industry  interaction  has  been  Important  to  Japanese 
science  and  technology.  But  this  is  an  area  that  is  difficult  to 
quantify.  Emphasis  on  the  meager  data  available  may  lead  to  an 
underestimation  of  this  Interaction.  The  government's  attitude  has 
been  to  sponsor  Indigenous  technology,  while  making  use  of  foreign 
technology  to  conserve  scarce  R6D  resources.  Firms  such  as  Fujitsu 
in  the  computer  field,  who  have  largely  developed  their  own  technology, 
receive  favored  treatment  from  the  government.  "Fujitsu  has  participated 
in  all  major  joint  computer  projects  initiated  by  MlTl  and  has  always 
held  an  enviable  position  in  them."^  Fujitsu  also  has  a major  share 
of  government  and  educational  institution  computers  in  Japan. 

Government  involvement  has  not  been  universally  acclaimed  by  in- 
dustry. Sony,  the  consumer  electronics  giant  and  somewhat  typical  of 
Japanese  companies  in  its  management  strategy,  believes  this  involve- 
ment spoils  the  big  companies.^  It  is  generally  true  that  major  enter- 
prises do  play  a larger  role  in  many  government  sponsored  projects. 
Taking  part  in  these  projects  is  a matter  of  prestige  for  the  companies 
involved,  especially  in  such  areas  as  space  and  nuclear  energy,  and 
the  government  recognizes  the  larger  support  these  firms  can  give  to 
R6D— as  well  as  the  political  clout  these  companies  wield. 
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J.  University  Science  Policy 

The  Ministry  of  Education  is  primarily  responsible  for  research 
and  development  in  the  universities.  157  billion  yen  (about  55^  of 
the  federal  government  support  of  R6D)  in  1972  went  to  the  national 
universities,  33%  of  the  support  for  RSD  in  these  universities. 

The  largest  share  of  this  money  was  distributed  to  each  koza  or 
university  chair  in  fairly  equal  amounts.  A koza  will  typically  have 
a professor,  an  associate  professor,  two  assistants,  and  two  graduate 
students.  An  experimental  koza  might  receive  slightly  more  than  a 
theoretical  koza.  After  overhead  and  salaries  a koza  in,  say,  experi- 
mental polymer  chemistry  would  have  about  1.2  million  yen  (or  $A.000) 

left  for  actual  research  expenses. 

The  Ministry  also  dispenses  substantial  sums  for  special  projects 
and  purposes.  These  are  of  four  types:  grants  in  aid  for  scientiHc 

research;  grants  in  aid  for  scientific  experiments;  funds  for  publi- 
cation of  research  results;  grants  in  aid  to  private  universities  for 
research  equipment.  These  funds  allow  priority  areas  to  be  selected 
and  funded  at  a higher  level. 

The  university  research  system  has  been  the  subject  of  a great 
deal  of  debate  in  Japan.  Many  feel  the  koza  system  is  too  inflexible, 
especially  when  interdisciplinary  research  must  be  carried  out.  The 
koza  is  felt  to  be  best  suited  to  vigorous  attacks  on  special  problems, 
but  not  for  inter-disciplinary  problems  that  cross  koza  lines.  The 
government  is  presently  creating  Tsukuba  University  75  km  outside  of 
Tokyo,  where  the  faculty  or  rjakukei  system  is  being  adopted.  A large 
number  of  associated  research  institutes  in  such  areas  as  high  energy 
physics  have  also  been  placed  there.  The  hope  is  that  this  will 
allow  greater  flexibility  In  the  system.  (One  might  also  note  that 
the  AIST  has  introduced  the  group  research  system  in  its  research 
institutes  on  a trial  basis,  again  aiming  for  greater  flexibility.) 

One  might  also  mention  cooperation  between  universities  in  the 
area  of  cancer  research.  This  "invisible"  research  organization 
coordinates  the  efforts  of  the  various  university  groups  involved  in 

cancer  research. 
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Overall  support  for  research  in  the  universities  is  low.  A large 
amount  of  manpower  works  without  the  modern  equipment  available  in 
industrial  laboratories.  Since  generally  support  is  fairly  equal  for 
different  scientific  fields,  some  of  the  more  glamorous  and  expensive 
fields  such  as  high  energy  physics  especially  suffer.  Fields  such  as 
ferromagnetism,  applied  microbiology,  and  polymer  chemistry  may  be 
relatively  well  funded,  though  certainly  not  by  international  standards. 

One  should  also  mention  that  the  Ministry  of  Education  has  been 
very  protective  of  its  control  over  the  national  universities.  As 
mentioned  earlier,  it  has  resisted  the  involvement  of  universities 
in  the  research  projects  of  other  ministries.  On  the  other  hand,  it 
has  been  a major  force  in  trying  to  increase  the  importance  of  basic 
research,  though  its  efforts  have  not  met  with  success  so  far. 

The  interaction  between  industry  and  university  research  is  a 
point  of  some  friction  for  the  national  universities,  since  the  pro- 
fessors are  by  law  employees  of  the  government.  The  extent  of  academic 
consulting  with  business  is  apparently  at  the  discretion  of  each  faculty 
member.  But  it  is  certainly  not  encouraged,  in  contrast  to  faculty 
consulting  with  government  agencies.  Nevertheless,  It  is  extensive  in 
such  areas  as  marine  engineering,  polymer  chemistry,  and  pharmaceuti- 
cals. There  is  little  direct  support  for  education,  especially  in  the 
national  universities,  but  contacts  are  maintained  via  personal  re- 
lationships. Former  students  do  return  to  their  sensei,  or  professor, 
to  find  out  about  research  currently  going  on  in  his  laboratory, 
and  professors  do  accept  gifts  of  equipment  if  they  are  made  available. 
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C.  MANAGEMENT  OF  RsD  IN  JAPAN 

— — Business  Decision  Making  and  Management  Philosophies 

Management  of  ReD  is  an  area  that  is  apparentiy  in  a state  of 
flux  as  the  Japanese  increase  their  expenditures  on  ReD  in  aii  sectors.’ 
We  have  received  various  opinions  as  to  how  goais  are  set  in  industry. 
Genera i i zat i ons  here  may  be  dangerous. 

Certainiy  the  consensus  approach  to  decision  making  which  prevades 
aii  ieveis  of  Japanese  government  and  industry  plays  an  important  roie. 
Long-range  goais  must  invoive  the  executive  management,  the  R£D  managers, 
and  the  researchers  themseives.  Whether  a particular  short-term  project 
is  funded  may  depend  on  convincing  one  influential  man  of  its  importance. 
At  some  companies,  such  as  Sony,  goals  are  set  by  top- i eve i management. 

It  is  oiso  ciaimed  that  it  is  a great  deal  easier  to  get  support  for 

research  if  simiiar  research  has  been  initiated  elsewhere,  especialiy 
in  the  U.S. 

In  ail  areas  because  of  the  group  decision  making  process,  middle 
management  Is  perhaps  most  Important  (as  It  Is  in  Japanese  government 
agencies).  It  Is  they  who  must  be  convinced  of  priorities,  and  their 
decisions  are  often  merely  ratified  by  top  management. 

Some  people  have  ciaimed  that  the  large  firms  in  Japan  are  not 
much  different  from  those  in  the  U.S.  in  their  approach  to  R£D,  es- 
pecially the  large  electronics  firms.  If  true,  this  may  be  a re- 
flection of  the  close  ties  of  many  of  the  major  firms  to  U.S.  companies. 

The  Japanese  are  said  to  lack  the  small  innovative  firms.  Sony 
certainiy  once  was  one  of  these.  Back  when  It  single-handedly  developed 
the  transistor  radic  i;»  the  1350's,  it  committed  essentially  all  of  its 
R£D  resources  to  this  development.  The  virtual  absence  of  small  in- 
novative firms  in  J.ipan  is  connected  to  such  practices  as  lifetime 
employment  in  industry,  which  makes  it  difficult  to  get  the  people  to 
start  a new  enterprise.  One  does  not  have  the  mobility  in  scien- 
tific manpower  in  Japan  that  one  has  in  the  U.S. 

NEC  (Nippon  Electric  Company)  provides  another  example.  There  the 
management  philosophy  is  one  of  setting  long-range  goals  that  are  very 
ambitious  with  relatively  low  probability  of  being  obtained.  Short-range 


23 


targets  are  also  set  that  are  challenging  but  reachable  and  of 
practical  importance.  In  the  area  of  optical  communications,  the 
long-term  goal  is  a viable  optical  communications  system.  In  the 
short  term,  some  of  the  glass  fibers  developed  by  NEC  and  Nippon 
Sheet  Glass  are  used  in  medical  equipment  such  as  cystoscopos.  In 
optical  information  processing  the  long-term  goal  is  an  optical  memory; 
the  short  term  involves  developing  optical  input/output  devices  that 
would  have  applications  in  the  area  of  publishing  among  others. 

One  problem  of  R&D  management  in  Japan  is  the  relative  meagerness 
of  resources  in  comparison  with  some  of  the  foreign  giants.  Japanese 
coi^’panies  must  be  selective  in  the  areas  they  choose  to  pursue.  Be- 
cause of  their  more  stringent  budgetary  constraints,  they  must  pursue 

2 

far  fewer  leads  than  do  their  American  counterparts.  This  means  that 
a selection  of  the  potentially  most  fruitful  areas  must  be  made. 

This  early  selection  may  mean  they  are  less  likely  to  provide  break- 
throughs, but  more  likely  to  find  unusual  developments  in  areas  where 
only  the  cream  has  been  skimmed  by  the  giant  laboratories.  The 
Japanese  do  have  a reputation  for  doing  much  better  developmental 
work  than  basic  research,  and  this  early  selection  could  be  a factor.^ 
Concentrating  a greater  effort  in  development  is  a manacement 
philosophy  appropriate  to  a low  level  of  expenditures  on  R6D.  Basic 
research  on  new  materials  and  techniques  is  a much  more  risky  under- 
taking. Of  course  the  payoffs  can  be  higher  also. 

The  group  decision-making  process  which  requires  consensus  on 
whether  to  market  a development  from  the  research  laboratories  can 
also  cause  problems  in  areas  of  rapidly  changing  technology  where  a 
premium  is  placed  on  the  rapid  introduction  of  innovations.  Con- 
sensus is  more  difficult  to  obtain  if  one  does  not  have  successful 
models  to  point  to,  "if  no  trail  has  been  blazed  to  provide  a focal 
point  around  which  consensus  can  form."  The  process  of  obtaining  a 
consensus  means  that  fewer  mistakes  are  made.  Products  are  not 
introduced  for  which  there  is  no  market.  The  American  electronics 
industry,  for  example,  is  much  quicker  at  getting  new  electronic 
devices  incorporated  into  equipment  than  its  Japanese  counterpart.^ 
This  means  there  will  be  a greater  number  of  mistakes  made,  but  the 
strategy  has  been  successful  for  the  U.S.  electronics  industry  as  a 
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The  problem  of  what  to  do  about  research  budgets  during  times  of 
slow  economic  growth  also  confronts  Japanese  industry  on  occasion. 

The  two  years  when  expenditures  on  R£D  in  the  industrial  sector  grew 
most  slowly  in  the  10  years  between  1963  and  1972  were  1965  and  1971, 
the  two  years  when  Japan's  real  GNP  growth  was  smallest.^  This 
tendency  to  try  to  economize  on  R£D  expenditures  during  times  or 
economic  stagnation  may  have  importance  for  the  present  moment  in 
Japan.  It  will  be  worth  watching  whether  Japanese  industrial  P&D 
expenditures  have  kept  up  with  the  rapid  inflation  rates  in  Japan  over 
the  last  year  and  a half. 

2.  Management  of  Large-Scale  Projects 

In  the  area  of  large-scale  projects  where  the  R&D  resources  of  a 
variety  of  groups,  often  from  all  three  sectors  of  performance,  must 
be  coordinated,  the  Japanese  do  not  have  the  experience  of  other  de- 
veloped countries,  and  they  have  not  been  particularly  successful  so 
far  in  managing  these  projects. 

The  Japanese  are  very  aware  of  the  lack  of  a systems  engineering 
capability,  and  have  frequently  come  to  such  organizations  as  Rand  for 
assistance  in  developing  their  capabilities.  It  is  the  opinion  of 
many  scientists  that  success  in  this  respect  will  be  crucial  to 
Japanese  efforts  in  space,  nuclear  energy  and  other  energy  areas. 

At  the  moment  these  efforts  are  often  fragmented,  with  no  person  or 
group  clearly  in  charge.  The  large  number  of  industrial  groups  taking 
part  in  the  efforts  due  to  their  prestige  value  means  that  coordination 
is  essential.  (The  example  of  the  Japanese  satellite  program  was 
mentioned  at  Hughes, where  it  was  said  that  the  Japanese  approach  was 
not  the  way  to  build  a highly  reliable  sophisticated  piece  of  equipment.) 
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MANAGEMENT  OF  R6D  IN  JAPAN 


Footnotes 


1.  Tsuneo  Fujita  and  Delmar  Karger,  MGT.  Int.  Rev.,  12,  "Managing 

R6D  in  Japan,"  No.  1,1972,  p.  65“73* 

2.  IBM's  $730  million  R6D  budget  for  1973  is  larger  than  the  entire 

Japanese  electronics  and  communications  sectors'  research  budget 
of  165  billion  yen  ($550  million)  in  1972. 

3.  Interview  with  John  Myer,  Hughes  Research  Labs.  He  expressed  this 

opinion  and  commented  on  tendency  to  followership. 

4.  Allison,  Graham,  The  Computer  Industry  in  Japan  and  its  Meaning 

for  the  II.S.,  "Government  and  Corporate  Structure,"  National 
Research  Council,  1973.  P*  69. 

5.  Private  communication,  G.  P.  Lemberg,  V.P.,  Quantum  Science  Corp. 

6.  See  Table  2-2,  R&D  in  Japan  2973,  p.  48.  1971  growth  of  in- 

dustrial R6D  expenditures  was  Q.77%,  approximately  the  inflation 
rate.  1965  " 3*5^. 
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D.  THE  INDUSTRIAL  RESEARCH  EFFORT  - EXPENDITURES  AND  MANPOWER  BY 
INDUSTRIAL  SECTOR 

We  have  already  seen  that  the  industrial  sector  is  the  focus  of 
Japanese  research  efforts,  with  approximately  two-thirds  of  the  total 
R6D  effort  concentrated  here.  ^ 

Within  the  sector  there  is  further  concentration  of  the  effort. 

In  1972  the  five  firms  in  the  industrial  sector  with  the  largest  R6D 
budgets  accounted  for  16.5%  of  all  expenditures,  spending  an  average 
of  3^  billion  yen  ($113  million)  each.  They  employed  10%  of  all 
researchers  in  the  industrial  sector.  Only  40%  of  this  expenditure 
was  for  salaries,  and  expenditure  per  researcher  for  these  firms  was 
l4.1  million  yen  ($47,000),  significantly  above  the  industrial  average 
and  close  to  world  standards.  These  five  firms  are  all  in  the  auto 
and  electrical  machinery  sectors. 

The  ten  largest  firms  account  for  25-7%  of  all  industrial 
expenditures  and  are  comparable  in  size  to  the  entire  research  insti- 
tution sector  or  to  the  entire  university  sector.  The  sixth  to  tenth 
largest  firms  average  20  billion  yen  ($67  million)  in  expenditures. 

The  next  10  firms  average  7*5  billion  yen  ($25  million)  in  research 
expenditures.  Together  the  twenty  firms  with  the  largest  research 
budgets  account  for  33%  of  the  expenditures  in  the  industrial  sector. 
These  twenty  firms  all  come  from  five  areas:  electrical  machinery, 

autos,  steel,  ships,  and  chemici.*  . 

These  areas  are  five  of  the  six  areas  which  had  the  largest 
shares  of  the  industrial  research  effort  in  1972.  (Table  8).  The 
sixth  is  the  non-electrical  machinery  sector.  The  electrical  machinery 
industry  spent  26.5%  of  all  industrial  RED  expenditures  in  1972,  with 
chemicals  (19.1%),  transportation  machinery  (I5.7%)i  non-electrical 
machinery  (6.4%),  and  steel  (4.0%)  also  having  significant  shares. 

These  shares  have  changed  over  time.  Such  industries  as  steel,  non- 
ferrous  metals,  and  industrial  chemicals  have  shown  the  sharpest  drop 
in  percentage  share  since  I96I  , while  pharmaceuticals,  precision 
machinery,  and  motor  vehicles  have  been  among  the  industries  whose 
shares  have  increased.^  This  sort  of  shift  away  from  sectors  where 
the  technology  is  relatively  stable  toward  areas  where  technology  is 
rapidly  developing  is  characteristic. 
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Table  8 


EXPENDITURE  ON  R£D  BY  INDUSTRY; 

PERCENTAGE  OF  THE  TOTAL  EFFORT  FOR  EACH  INDUSTRY,  1961-1972 


1961 

1966 

1972 

A1 1 

Industries 

100.0 

100,0 

100.0 

A. 

Agriculture,  Forestry  £ Fisheries 

.2 

.1 

.1 

B. 

Mining 

1 .6 

1 .k 

.6 

C. 

Construction 

2.0 

1 .k 

2.5 

D. 

Manufactur i ng 

90.7 

92.0 

91 .2 

1 . Food 

2.9 

3.2 

2.8 

2.  Textile  Mill  Products 

3.1 

2.6 

1 .3 

3.  Pulp  and  Paper  Products 

1.1 

1.1 

.8 

U.  Publishing  and  Printing 

.2 

.k 

.5 

5.  Chemical  Products 

22.5 

23.6 

19.1 

a.  Industrial  Chemicals 

1^.7 

13.2 

8.9 

b.  Oils  and  Paints 

1.7 

2.5 

2.0 

c.  Drugs  and  Medicines 

ii.l 

5.^ 

5.3 

d.  Other  Chemicals 

1.9 

Z.k 

2.8 

6-  Petroleum  and  Coal  Products 

1.7 

1 .0 

1 .4 

7.  Rubber  Products 

1 .6 

1.4 

1 .4 

8.  Ceramics 

2.0 

2.5 

2.1 

9.  Iron  and  Steel 

6.1 

5.2 

4.0 

10.  Non-Ferrous  Metals  £ Products 

3.9 

3.5 

1 .8 

11.  Fabricated  Metal  Products 

1.1 

1 .2 

1 .8 

12.  Machinery,  Except  Electrical 

5.3 

7.1 

6.4 

13-  Electrical  Machinery 

23.8 

22.3 

26.5 

a.  Electrical  Machinery 
Equipment  £ Supplies 

10.5 

8.7 

10.7 

b.  Communication  and 
Electric  Equipment 

13.3 

13.6 

15.8 

lA.  Transportation  Machinery 

12.0 

11.9 

15.7 

a.  Motor  Vehicles 

8.7 

10.2 

11.1 

b.  Other  Transportation 
Machinery 

3.3 

1 .7 

4.6 

15.  Precision  Machinery 

1 .6 

2.1 

2.7 

16.  Other  Manufacturing 

1.8 

3.0 

2.9 

E. 

Transport,  Communication,  and  Public 
Utilities 

5.5 

5.1 

5.5 

SOURCE:  R&D  in  Japan^  197 Z,  p.  56* 
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Tabic  9 


ttANPOWER  AND  EXPENDITURES  IN  THE  INDUSTRIAL  SECTOR,  1972 


All  Industries 


A.  Agriculture,  Forestry 
t Fisheries 


B,  Mining 

C.  Construction 
0.  Manufacturing 

I . Food 


2,  Textile  Mill  Products 

3.  Pulp  and  Paper  Products 
l|.  Publishing  and  Printing 
5>  Chemical  Products 

a.  Industrial  Chemicals 

b.  Oils  and  Paints 

c.  Drugs  and  Medicines 

d.  Other  Chemicals 

6.  Pe  troleum  and  Coal  Products 

7.  Rubber  Products 

8.  Ceramics 

9.  Iron  and  Steel 

10.  Non-Ferrous  Metals  t Product 


10.  Non-Ferrous  Metals  t Products 

11.  Fabricated  Metal  Products 

12.  Machinery,  Except  Electrical 
I3>  Electrical  Machinery 

a.  Electrical  Machinery 

Equipment  & SuppI ies 

b.  Communication  and 

Electric  Equipment 

U.  Transportation  Machinery 


a.  Motor  Vehicles 

b.  Other  Transportation 

Machinery 

I5<  Precision  Machinery 
16.  Other  Manufacturing 


E.  Transport,  Communication,  and 
PubI ic  Utilities 


Researchers 

Researchers/ 
10,000  Employed 

Expend i tures 
on  RCD 

(Bill  ion  yen) 

Expend i tures 
per  Researcher 
(Mill  ion  Yen) 

I2<t,795 

185 

I0<|i|.9 

8.37 

172 

111 

1 .2 

6.76 

621 

82 

6.7 

10.81 

2,951 

85 

26.3 

8.91 

117,5‘t't 

229 

953.2 

8.11 

5,129 

IA9 

29.3 

■5.71 

1,923 

72 

13.8 

7.19 

1 .380 

125 

8.11 

6.08 

637 

59 

s.i* 

8.61 

26,207 

<i<il 

199.2 

7.60 

11,601 

365 

93.11 

8.05 

<•,386 

683 

21.2 

6.86 

6,<i19 

519 

55.0 

8.57 

3,801 

<•28 

29.6 

7.78 

886 

168 

III. 9 

16.86 

1,862 

155 

l‘t.5 

7.76 

3.023 

|I|2 

22.1 

7.32 

3.600 

99 

Al.li 

11.69 

1 ,856 

179 

18.9 

10.16 

3,232 

157 

18.5 

5.71 

I0,2<i2 

186 

67.‘t 

6.58 

36,789 

367 

276.7 

7.52 

I7.'tl5 

338 

II  1.8 

6.62 

19,37‘t 

398 

166.9 

8.51 

10,587 

170 

163.9 

15.68 

6,918 

192 

115.6 

16.71 

3,669 

lAO 

68.3 

13.17 

5,193 

366 

28.1 

5.62 

It  ,998 

150 

30.7 

6.15 

3.507 

31 

57.6 

16.62 

Expenditures  as 
a Fcrcentage 
of  S.1 1 e s 


B 


SOURCE:  R&D  in  Japan,  29?i>,  p,  32. 

Fig.  2--Number  of  researchers  for  each  1,000  employees 
in  major  industries  in  Japan  and  the  United  States 
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The  breakdown  of  industrial  research  expenditures  in  J,.Dan  by 
industry  differs  from  the  U.S.  and  French  breakdowns  basically  in  the 
high  piiority  given  to  aviation  and  missile  research  in  those  countries 
(see  Figure  1).  One  also  notes  that  West  Germany  has  the  industrial 
profile  closest  to  that  of  Japan.  Neither  Japan  nor  Germany  emphasizes 
military-related  RsD  to  the  extent  of  France  or  the  U.S. 

Another  major  difference  with  the  U.S.  is  in  the  scale  of  the 
R6D  efforts  of  industry.  Single  large  firms  in  the  U.S.  often  spend 
as  much  as  entire  industries  in  Japan.  The  budget  for  the  Bell 
Laboratories  in  197^,  $636  million,  is  oorrparable  to  the  $660  million 
spent  by  the  entire  Japanese  electronics  and  communications  industry 
in  1972.  IBM  s $730  million  and  GE's  $845  million  research  budgets 
for  1973  dwarf  those  of  their  Japanese  rivals.  Only  $110  million  was 
spent  by  Japanese  industry  on  computer-related  RsD  in  1972.  Nippon 
Electric,  which  is  not  involved  in  as  wide  a variety  of  research 
efforts  as  GE,  had  an  R£D  budget  of  only  $45  million  In  1973.  Dupont's 
$256  million  R60  budget  for  1973  was  comparable  to  that  for  the  ten 
largest  chemical  firms  in  Japan  combined,  $289  million  in  1972.  Clearly, 
Japanese  Industry  will  be  able  to  undertake  far  fewer  research  projects 
than  its  American  rivals.  It  will  also  be  unable  to  devote  the  amount 
of  resources  to  a single  development  that  for  instance  IBM  devoted  to 
Its  360  series  of  computers  or  Xerox  is  presently  devoting  to  Its 
9200  system. 

The  distribution  of  manpower  between  the  different  industrial 
sectors  follows  the  pattern  of  the  distribution  of  expenditures.  Some 
sectors  do  have  significantly  higher  expenditures  per  researcher, 
including  transportation,  petroleum  and  coal  products,  steel  and  non- 
ferrous  metals,  all  sectors  for  which  wages  make  up  a smaller  than 
average  percentage  of  researcher  expenditures  (Table  9). 

Researcher  intensity  for  the  individual  sectors  compares  favorably 
with  researcher  intensity  in  the  U.S.  (see  Figure  2).  The  industries 
In  both  countries  that  are  most  researcher  Intensive  are  chemicals, 
electrical  machinery,  and  precision  machinery.  The  number  of  re- 
searchers per  10,000  persons  employed  has  been  growing  at  a rate  of 
5%  per  year  between  I968  and  1973  for  the  whole  manufacturing  sector 
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(Table  10).  The  transportation  machinery,  precision  machinery,  and 

electrical  machinery  sectors  showed  particularly  rapid  growth  in  this 

i, 

indicator  of  R6D  intensiveness. 

However,  expenditures  as  a percentage  of  sales,  which  overall 
was  only  1.3^  in  Japan  in  1972,  are  significantly  lower  than  in  the 
U.S.  (Figure  3)  in  most  industries.  This  is  especially  true  of 
electrical  machinery,  chemicals,  precision  machinery,  and  transporta- 
tion machinery.  In  areas  like  iron  and  steel  the  two  countries  are 
closer  together  in  the  low  percentages  of  sales  devoted  to  R6D. 

The  statistics  quoted  above  can  obscure  the  essential  points  we 
wish  to  make  in  this  section.  First,  RsD  in  the  industrial  sector  is 
dominated  by  the  large  firms  in  Japan.  Secondly,  R&D  is  concentrated 
in  relatively  few  sectors:  electrical  machinery,  chemicals,  and 

transportation  machinery.  Third,  the  main  d.  >rence  in  the  profile 
of  its  R60  expenditures  with  other  developed  countries  Is  the  smaller 
emphasis  on  military-related  R6D.  Fourth,  the  scale  of  R&D  efforts  is 
significantly  smaller  than  in  the  U.S.  Fifth,  expenditures  on  R&D  as 
a percentage  of  sales  are  low  compared  to  the  U.S.,  while  manpower 
per  10,000  employees  is  ibout  tiie  same.  Sixth,  this  means  that  support 
per  individual  researcher  is  still  low  by  U.S.  standards.  Finally, 
botn  manpower  and  expenditures  have  been  increasing  fairly  rapidly 
over  time  in  Japan,  while  industrial  R&D  expenditures  and  manpower 
have  stagnated  in  the  U.S. 
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Table  10 


NUMBER  OF  REGULAR  RESEARCHERS 
PER  10,000  EMPLOYEES 


I 


u 


April  1, 
1968 

April  1 , 

1973 

Ratio  1968/1973 

Electrical  Machinery 

268 

367 

1.37 

Chemicals 

357 

441 

1 .24 

Transportation  Machinery 

119 

170 

1.43 

Precision  Machinery 

236 

344 

1.46 

Iron  and  Steel 

80 

99 

1 .24 

Non-Ferrous  Metals 

200 

179 

.90 

Non-Electrical  Machinery 

149 

186 

1 .25 

Ceramics 

116 

142 

1.22 

Ruboer  Products 

139 

155 

1.12 

Fabricated  Metal  Products 

154 

157 

1 .02 

Petroleum  and  Coal  Products 

144 

168 

1.17 

All  Manufacturing 

180 

229 

1 .27 

SOURCE:  H&D  in  Japan^  1973,  p.  53. 
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Footnotes 


Statistics  here  and  below  taken  from  R&D  in  Japan,  1973,  Table  12. 

U.S.  industry  spent  $51,000  per  researcher  in  1971 • Source: 

Table  15  (p*  llO)  and  Table  l8a  (p>  112),  Science  Indicators, 
1972,  National  Science  Board,  1973- 

Recall  that  these  are  shares  of  a rapidly  increasing  industrial 
R&D  pie.  R&D  expenditures  of  all  industries  have  expanded 
over  the  past  ten  years.  Non-ferrous  metals,  whose  share  of 
the  pie  dropped  most  drastical ly,  st  i 1 1 tripled  expenditures 
between  1961  and  1972. 

Note  the  U.S.  industry's  researcher  intensiveness  has  been 
falling  since  the  mid-1960's.  The  overall  fall  was  from 
300  researchers  per  10,000  employees  in  1965  to  2k0  re- 
searchers per  10,000  employees  in  1970.  See  Science 
Indicators,  1972,  National  Science  Board,  1973,  p.  80 
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E.  GOVERNMENT  RESEARCH  BUDGET 

Public  sources  provided  21%  of  Japan's  R&D  funds  in  1972,  432 
billion  yen  (about  $1.4  billion).'  The  total  national  government  expendi- 
tures on  R6D  in  science  and  technology  was  374  billion  yen  (about  $1.2 
2 

billion).  The  difference  presumably  comes  from  local  government  support 
of  public  university  research  and  research  institutes  associated  with 
local  government.  We  will  be  examining  only  the  national  budget  below. 

The  national  budget  for  science  and  technology  R6D  increased  by  a 
factor  of  4.1  in  the  10-year  period  between  1963  and  1972  (see 
Figure  4),^  an  average  rate  of  increase  of  17^.  Overall  R6D  expendi- 
tures, public  and  private,  increased  by  a factor  of  4.9  in  the  same 
period.  In  1971  and  1972  the  government  budget  increased  by  15.9%  and 
22.5%  respectively,  while  industrial  expenditures  increased  only  8.7% 
and  16.7%  in  the  same  years.  Thus,  government  may  have  been  less 
affected  by  the  "economic  shocks"  of  this  period.  Further,  the 
government  budget  for  the  promotion  of  science  and  technology,  a sub- 
set of  the  total  government  R6D  budget,  continued  to  increase  at  a 
healthy  pace  in  1973  and  1974.^  It  grew  to  210  billion  yen  in  1973, 
and  262  billion  yen  in  1974,  increases  of  24.61  and  24.7%  respectively. 
These  increases  have  at  least  kept  up  with  the  rapid  inflation  rate, 
and  likely  will  exceed  the  increases  in  the  industrial  sector  during 
this  period,  given  the  1965  and  1971  experiences  when  industrial  R6D 
expenditures  stagnated  during  mild  recessions. 

The  government  research  budget  is  distributed  through  the  various 
Ministries  and  agencies.  The  budget-making  process  involves  an  accom- 
modation of  the  interests  of  the  different  Ministries  and  agencies. 

The  budget  process  passes  thorugh  five  stages:  "(1)  i nter-Mi ni stry 

liaison  conference,  (2)  Ministry-by-Ministry  formulation,  (3)  across- 
the-board  cuts  by  the  Ministry  of  Finance,  (4)  eleventh-hour  bargaiting 
for  partial  restorat ion, ,and  (5)  ultimate  decision  by  the  Cabinet  con- 
ference." The  Diet  approves  the  result  with  little  change. 

The  largest  share  of  the  government  R6D  budget  goes  via  the  Ministry 
of  Education  to  the  national  universities.  This  was  159  billion  yen 
(42%)  in  1972.^  Federal  government-owned  research  institutions,  associ- 
ated with  the  various  ministries,  and  special  corporations  In  the  research 
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institution  sector  such  as  JAERI,  PNC,  and  NASDA  received  139  billion 

Q 

yen  (37?,)  in  1972.  Industry  received  only  27  billion  yen  (7-2?)  in 
the  1972  federal  R6D  budget.^  The  remainder  went  to  support  of  R6D  in 
local  government  research  ins''tutes,  private  research  institutes,  and 
public  (local)  universities. 

The  government  takes  responsibility  for  the  broad  national  R6D 
efforts  in  such  areas  as  nuclear  energy,  space,  and  ocean  development. 
The  budget  for  space  and  nuclear  energy  is  outlined  in  Table  11.  This 
may  underestimate  total  spending  in  those  areas  since  the  expenditures 
are  from  che  subset  of  the  total  budget,  the  "budget  for  promotion  of 
science  and  technology."  The  two  expenditures  make  up  46?  of  the  1974 
"budget  for  the  promotion  of  science  and  technology." 

The  defense  R6D  budget  constitutes  a very  small  fraction  of  the 
total  government  effort.'^  In  1969  total  defense  R&D  expenditures 
were  only  6.5  billion  yen  ($l8.1  million  at  1969  exchange  rates). 

This  was  only  2.9?  of  the  total  federal  R&D  budget  that  year.  Through 
the  1960's  it  was  the  item  that  grew  slowest  in  the  national  budget, 
increasing  from  3<2  billion  yen  in  1961. 

In  1972  the  total  budget  for  environmental  research  was  9.1 
billion  yen.'*  In  1973  this  expenditure  grew  to  l4.4  billion  yen. 

This  reflects  a growing  concern  with  environmental  matters  in  Japan. 

We  have  not  been  able  to  obtain  a breakdown  of  the  budget  for 
individual  ministries  in  recent  years.  Two  major  items  in  the  1973 
and  1974  budgets,  which  would  probably  be  handled  by  MITI,  were  large 
scale  Industrial  technology  (8.4  billion  yen  in  1973  and  9.7  billion 
yen  in  1974),  and  computer  technology  including  hardware,  software, 
and  semiconductor  devices  (11.9  billion  yen  in  1973  and  19.7  billion 
yen  i n 1 974) . ' ^ 


39 


GOVERNMENT  RESEARCH  BUDGET 


Footnotes 


1.  R&D  in  Japan,  1973,  Table  3*  p*  50. 

2.  Surmapy  White  Paper,  1972,  p.  56  (Fig.  3"1)- 

3.  Source  for  Figure  k,  Ibid. 

4.  R&D  in  Japan,  1973,  p.  kO. 

5.  Budget  in  Brief,  \37^,  p.  ^6. 

6.  OECD,  1967,  p.  95. 

7.  R&D  in  Japan,  1973,  p.  50.  The  1972  White  Paper,  p.  57,  says 

the  National  Universities  got  148.2  billion  yen  in  1972 

(40%  of  the  total)  (see  Fig.  3"2) . The  discrepancy  may  be 
due  to  different  definitions  of  R6D  in  the  different  agencies 

8.  R&D  in  Japan,  1973,  p.  30,  Table  3. 

9.  Ibid. 

0.  White,  R&D  in  Japan,  p .46,  Table  10. 

1.  Quality  of  the  Environment,  1973,  Environment  Agency,  p.  239. 

2.  Budget  in  Brief,  1974,  p.  46. 


r 


F.  THE  ROLE  OF  FOREIGN  TECHNOLOGY 


I.  The  Changing  Government  Role  in  Technology  Acquisition 

Foreign  technology  has  played  an  important  role  in  Japanese 
post-war  economic  successes.  It  has  been  and  continues  to  be  imported 
(and  often  adapted  and  improved)  in  all  sectors,  and  in  significant 
quantities  in  most  sectors. 

These  imports  were  under  government  control  from  the  time  of 
the  1950  Foreign  Investment  Law  until  1 968  when  most  areas  were  de- 
controlled. During  the  I950's  the  government's  role  was  nrast  im- 
2 

portant.  MITI  would  periodically  issue  lists  of  technology  it  felt 
must  be  acquired.  Each  application  for  the  importation  of  a tech- 
nology had  to  be  submitted  for  approval  to  MITI  and  to  the  Bank  of 
Japan's  Foreign  Bureau,  and  later  to  the  Science  and  Technology 
Agency  (after  its  establishment  In  1956).  The  rationale  for  the 
government  control  of  licensing  agreements  was  that  this  was  a form 
of  foreign  investment  which  was  in  essence  regarded  as  having  a 
negative  effect  on  Japan's  balance  of  payments.  Since  presumably  an 
up-to-date  foreign  technology  would  give  a Japanese  firm  an  advantage 
over  its  competitors,  the  rush  to  acquire  foreign  technology  had  to 
be  regulated. 

The  Japanese  government,  through  MITI,  was  able  to  concentrate 
the  acquired  technology  in  priority  areas,  that  changed  over  time. 

This  was  a major  instrument  in  MITI's  hands  for  imposing  their  view 
of  the  appropriate  structure  for  Japan's  industry.  At  first  emphasis 
was  on  such  key  industries  as  iron  and  steel,  shipbuilding,  and  the 
public  utilities.  Later,  government  attention  shifted  to  such  new 
industries  as  motor  vehicles,  machine  tools,  electronics  and  electrical 
equipment,  precision  machinery,  chemicals,  synthetic  fibers  and 
plast I cs . 

Moreover  the  government  could  and  did  play  a major  role  in  negoti- 
ating the  licensing  agreements.  If  the  cost  was  too  high,  the  agree- 
ment would  not  be  approved.  This  certainly  aided  Japanese  companies 
in  dealing  with  some  of  the  American  giants.  Other  tools,  such  as 
import  quotas,  could  also  be  used  by  MITI  in  dealing  with  stubborn 
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foreign  firms.  Such  was  the  case  in  the  classic  confrontation  between 
IBM  and  Mill  In  the  late  I950's,  the  result  of  which  was  the  licensing 
of  IBM's  basic  patents  for  a S%  royalty  on  sales  in  return  for  the 
right  to  a specified  share  of  the  Japanese  market,  as  determined  by 
Mill,  plus  other  restrictions.^ 

In  1968  the  control  of  the  importation  of  technology  was  ended 
in  all  areas  except  the  five  OECD  Article  III  items  (aircraft,  arms, 
ammunition,  nuclear  power,  and  space  development)  plus  electronic 
computers  and  petrochemicals,  regarded  as  key  industries.^  This  de- 
control was  a part  of  the  general  program  to  decontrol  foreign  in- 
vestment in  Japan  as  it  entered  the  first  rank  of  economic  powers 
and  as  its  earlier  balance  of  payments  problems  disappeared.  (Former 
Prime  Minister  Tanaka  played  a key  role  in  much  of  this  decontrol 
while  head  of  MITI.)  Since  I968  import  applications  for  liberalized 
technologies  are  submitted  to  the  Foreign  Bureau  of  BOJ  and  approved 
immedia'ui''  if  the  royalty  is  less  than  $50,000  or  within  one  month 
if  greater  than  $50,000.  Applications  for  imports  in  the  seven 
categories  on  the  controlled  list  are  examined  by  the  Foreign  In- 
vestment Council  on  a case-by-case  basis.  "According  to  GOJ  officials, 
no  applications  have  been  turned  down  since  I9bd"  (to  1971).^ 

The  remaining  restrictions  on  the  import  of  technology  and  on 
the  manufacture  under  license  of  computer-related  equipment  were 
abolished  on  July  I,  1974.^ 

2.  Statistical  Overview:  The  Amount,  Type,  and  Sources  of  Imported 

Technology  ^ 

The  Japanese  identify  two  types  of  licensing  agreement.  The 
distinction  is  one  of  time  period  and  of  type  of  currency  involved. 

Type  A agreements  have  a contractual  life  longer  than  one  year  with 
the  payment  of  royalties  guaranteed  to  be  made  in  foreign  currency. 

Type  B agreements  extend  for  less  than  a year  or  call  for  royalty 
payments  in  Japanese  yen.  Type  B agreements  tend  to  be  one-shot 
purchases  of  blueprints  or  prototypes. 
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Through  1971  there  were  a total  of  9,870  type  A cases  of 
technological  import,  and  7,H0  type  B cases.  (See  Table  12  and  Figure  5)  • 
These  have  shown  a constant  increase  over  time  increasing  from  320 
cases  of  type  A in  1961  to  15^6  of  type  A in  1971.  Payments  have 
increased  from  $113  million  (about  i*l  billion  yen)  in  1961  to  $i*88 
million  (168  billion  yen)  in  1971.  It  is  worth  noting  that  the  ratio 
of  payments/industrial  R60  expenditures  was  .25  in  1961,  and  .19  in 
1971,  an  indication  of  the  increasing  emphasis  on  domestic  R6D. 

The  United  States  has  been  the  major  source  of  Japan's  technology 
(see  Table  13).  Almost  5^%  of  the  type  A technology  imports  during  the 
period  1950-1970  came  from  the  United  States.  Other  major  sources 
have  Included  West  Germany  (12^),  the  United  Kingdom  (7.5^),  France 
(1*.2^)  and  Switzerland  (6.2^).  The  role  of  the  Soviet  Union  as  a 
source  of  Japanese  technology  has  continued  to  be  small  throughout 
the  period  in  question. 

The  areas  where  imports  have  concentrated  in  recent  years  have 
been  machinery , chemicals,  electrical  machinery,  and  textiles  (see 
Table  >^).  We  unfortunately  do  not  have  statistics  on  the  sources 
of  the  technology  by  area  of  technology. 


Number  of  technology  purchase  agreements 


SOURCE: 


Fig.  5- 


T.  Ozawa,  Japan's  Teaknologiaal  Challenge  to  the  West:  ^ 
1950-1974,  MIT  Press,  197^,  p.  19.  Reproduced  by  | 
permission.  | 

-Technology  imports — number  of  contracts  for  the  purchase  1 
of  technology.  Categories  A and  B,  1950-1971  | 
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Table  12  i 

,] 

NUMBER  OF  NEW  CASES  OF  IMPORTED  TECHNOLOGY 

AND  PAYMENTS  FOR  IMPORTED  TECHNOLOGY  ] 


Type  A 

Type  B 

Total 

Payments 
$1  ,000,000 

Bill  ion  Yen 

1950-1964 

3060 

3388 

6,456 

868 

313 

1965 

472 

486 

958 

167 

60 

1966 

601 

552 

1 ,153 

192 

69 

1967 

638 

657 

1 ,295 

239 

86 

1968 

1061 

683 

1 .744 

314 

113 

1969 

1154 

475 

1,629 

368 

132 

1970 

1330 

438 

1,768 

433 

156 

1971 

1546 

461 

2,007 

488 

168 

Total 

1950-1971 

9.870 

7.140 

17.010 

3,069 

1 ,098 

Note  360  yen  = $1  except  for  last  3 tronths  of  fiscal  1971  j 

(January  1-March  31.  >972)  when  the  value  3Q8  yen  = $I  ; ; 

i s used . ■ ^ 

SOURCE:  Teahnocrat,  January,  197^,  P-  98-  By  permission  of  ^ 

Fuji  Marketinq  Research  Co.,  Ltd.  |, 
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SOURCES  OF  JAPANESE  TECHNOLOGY  IMPORTS  (1950-1970), 
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for  which  data  could  not  be  obtained. 
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Table  14 


JAPANESE  IMPORTS  OF  FOREIGN  TECHNOLOGY 
(Unit:  Number  of  applications  approved) 


1965 

By  Major  Industrial  Categories 

1966 

1967 

1968 

1969 

1970 

Chemicals 

195 

247 

292 

362 

264 

361 

Metals 

71 

129 

156 

169 

101 

91 

General  Machinery 

339 

409 

363 

516 

563 

470 

Transport  Machinery 

37 

30 

36 

66 

75 

77 

Electrical  Machinery 

126 

102 

146 

256 

225 

229 

Text i 1 e 

72 

72 

111 

130 

152 

193 

Foodstuffs 

15 

21 

31 

42 

17 

29 

Construction 

23 

13 

28 

18 

18 

11 

Others 

80 

130 

132 

185 

214 

307 

TOTAL 

958 

1,153 

1,295 

1,744 

1 ,629 

1 ,768 

Of  which:  A 

472 

601 

638 

1 ,061 

1 ,154 

1 ,330 

B 

486 

552 

657 

683 

475 

438 

A *•  Agreement  term  exceeding  one  year. 

B - Agreement  term  expiring  within  one  year. 


SOURCE:  Department  of  State,  A-857,  October  20,  1971. 
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3-  Imitation  and  Improvement:  Japan's  Use  of  Imported  Technology 

Given  this  clear  use  of  foreign  technology,  one  must  confront 

g 

the  question  of  imitation.  To  what  extent  have  the  Japanese  simply 
copied  foreign  technology?  Have  there  been  improvements?  Could  other 
nations  have  done  as  well?  The  claim  generally  made  is  that  the 
Japanese  industries,  starting  from  a very  low  base,  were  able  to 
modernize  their  industrial  production  by  adding  capacity  using  the 
latest  foreign  technology,  that  this  technology  was  essentially 
copied,  though  often  with  improvements  that  increased  the  potential 
capac i ty . 

The  ability  to  make  use  of  foreign  technology  should  not  be 
lightly  regarded.  To  successfully  "copy"  one  must  possess  basic 
know-how.  If  that  is  all  you  possess  then  you  do  try  to  simply 
duplicate  the  process  at  first.  As  more  experience  is  gained, 
possible  improvements  may  become  clear.  Over  time  the  ability  to 
develop  one's  own  technologies  may  emerge,  though  this  is  a difficult 
step. 

Quantifying  the  improvement  of  imported  technology  is  very 
difficult.  Nevertheless,  improvoments  have  been  the  rule.  Rosovsky 
reports  that  Japanese  businessmen  have  told  him  "that  they  have  fre- 
quently succeeded  in  running  a foreign  process  at  up  to  1 of  rated 
capacity,  simply  by  making  a set  of  minor,  though  carefully  considered 

..5 

improvements. 

Tsurumi  has  studied  the  period  1950-1964  trying  to  determine  the 
extent  of  dependence  on  foreign  technology.  ^ He  found  that  a great 
deal  of  Japan's  RSD  during  this  period  was  devoted  to  the  absorption 
and  renovation  of  licensed  technologies.'* 

In  1961,  26^  of  Japan's  164  bill  ion  yen  industrial  expenditures 

1 o 

on  R6D  ($456  million)  was  devoted  to  absorption  of  foreign  technologies. 

In  1964,  the  percentage  was  lower  in  nine  of  fourteen  industries,  per- 
haps an  indication  of  greater  ease  in  absorbing  technologies.'^ 

License  related  R6D  was  important  in  all  industries,  especially  the 
advanced  industries  such  as  chemicals,  machinery,  electrical  and 
electronics  machinery,  and  transportation  machinery,  where  three- 
fourths  of  R&D  was  license  related  (see  Table  15).  These  were  also 


R6D  EXPENDITURES:  ABSORPTIVE,  RENOVATIVE,  INNOVATIVE 


SOURCE:  Yoshihiro  Tsurumi,  Teahnolog'j  Transfer  mid  Foreijn  Trade:  The  Case  of  Japan,  19>^0-lP6i 

Doctoral  thesis.  Harvard  University,  June  1968,  n.  219,  221,  223.  By  permission  of  tl 


the  Industries  where  the  greatest  sums  were  spent  on  R6D.  Fu  ther, 
these  industries  also  had  the  highest  percentage  of  sales  of  products 
with  licensed  related  technology  in  196^*.  (371  for  chemicals.  37^ 

for  electronics  products,  28%  for  electrical  machinery,  \k%  for 
machinery,  51%  for  rubber  products.  One  has  to  be  careful  of  these 
figures.  They  are  based  on  the  industries'  own  judgments,  and  ways 
of  calculating  the  percentage  may  have  varied.) 

Further  in  a 1963  MITI  study  of  1,362  technologies  commercialized 
in  Japanese  industries  between  1957  and  1962.  it  was  found  that  279 
technologies  were  licensed  (20.5^)  but  that  capital  expenditures  for 
these  technologies  were  1*9.5%  of  the  total.  630  million  yen  per 
technology,  far  in  excess  of  the  self-developed  technologies  (less 
than  200  million  yen/technology) . This  was  attributed  to  the  fact 
that  imported  technologies  were  far  more  advanced  than  self-developed 
technologies,  and  required  greater  technical  adjustments.  Self- 
developed  technologies  tended  to  be  simple  improvements  on  existing 
products  Olid  processes. 

Japanese  licensees  mainly  sought  technologies  that  had  been 
commercially  successful  in  other  countries.’^  The  main  reasons  given 
for  seeking  imported  technology  In  a 1966  MITI  study  of  9I7  firms  with 
at  least  one  type  A licensing  agreement  were  to  develop  the  market 
position  in  Japan  (61%),  to  strengthen  international  competitive 
strength  (53%),  lack  of  time  to  develop  own  technology  and  meet  the 
competition  at  home  (35%),  to  diversify  product  lines  in  a hurry  (31%), 
to  economize  R6D  expenses  (21.%).’^  (Recall  this  is  industry  talking 
about  itself.)  Further  1*5%  of  the  firms  felt  forced  to  buy  the  use 
of  foreign  patents  to  avoid  infringement  of  these  patents  in  their 
own  development  work. 

Management  in  196^*  basically  was  doing  the  expedient  thing  in  a 
desire  to  solidify  its  competitive  position  without  the  uncertainty 
of  gambling  on  its  >wn  original  R6D  according  to  Tsurumi.'^  Only 
17%  of  R6D  in  1961  was  devoted  to  the  development  of  new  products. 
Basically  the  goals  were  short-term  goals,  although  larger  firms  did 
display  a longer-term  outlook.  (17%  of  R&D  projects  for  firms  capit- 
alized at  10  billion  yen  or  more  had  time  ranges  of  five  or  more  years.) 
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Licensing  agreements  tended  to  become  self-perpetuating.  Over 
80^  of  a sample  of  6^^  type  A agreements  in  effect  in  1966  were 
scheduled  to  be  renewed,  often  essentially  on  the  same  terms. 

This  was  the  situation  in  the  mid-1960‘s  when  Japanese  industry 
was  still  spending  less  than  a billion  dollars  a year  on  R6D.  Cer- 
tainly by  1971  when  RsD  had  reached  over  $3  billion,  the  situation 
had  changed.  We  unfortunately  do  not  have  a comparable  MIT  I study  to 
make  use  of.  We  do  have  the  statistics  given  in  Table  12  on  the 
number  of  agreements  and  the  money  paid  for  foreign  technology,  but 
these  can  be  misleading,  rirst  of  all,  the  increasing  use  of  foreign 
technology  should  not  be  surprising  since  as  an  industry's  research 
capabilities  increase  it  will  have  a greater  capacity  to  absorb  tech- 


nology, and  it  will  have  Increasing  difficulties  with  patent  infringe- 
18 


ment,  causing  licensing  agreements.  It  would  be  Interesting  to 
learn  the  pattern  of  licensing  agreements  that  involve  technical 
assistance,  and  the  pattern  of  patent-only  agreements  and  cross- 
licensing  agreements.  It  is  clear  that  cross-licensing  today  is  be- 
coming Increasingly  important,  especially  for  technologically  active 
industries.  Fujitsu,  for  example,  has  cross-licensing  agreements  with 
IBM  and  Tl  among  others.  By  1971  there  were  5^  cross-licensing  agree- 
ments compared  to  only  three  in  1965  (Table  16).  Further  one  would 
also  likely  find  the  percent  of  patent-only  agreements  increasing  and 
that  of  technical  assistance  agreements  descreasing.  That  at  least  is 
the  opinion  of  all  sources,  though  statistics  have  not  been  obtained 

19 

to  back  up  these  conjectures. 

We  do  have  statistics  on  imported  technologies  for  the  year  1972 

20 

from  the  Japanese  Bureau  of  Statistics.  These  statistics  cover  1207 
new  cases  of  technology  import  and  ^776  continued  cases  for  a total 
of  1559  firms.  These  firms  performed  66^  of  all  RED  in  the  industrial 
sector  in  197?-  (692  billion  yen)  and  received  of  all  profits 
(3,373  billion  yen) . 

First  of  all,  most  of  the  payments  (159.5  billion  yen)  went  for 


continued  programs.  Only  ll*.5  billion  yen  were  paid  as  part  of  the 
21 

new  programs.  This  may  be  an  indication  of  the  decreasing  importance 


of  the  introduction  of  new  technologies  to  Japan,  relative  to 
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domestically  developed  technologies.  Most  of  the  payments  In  the 

continued  programs  are  for  technologies  previously  transferred,  and 

pay  for  patent  rights.  For  instance,  all  Integrated  circuit  producers 

must  pay  10%  of  sales  {2%  to  Western  Electric,  k.S%  to  Fairchild, 

3.5%  to  Texas  Instruments)  In  royalties  for  the  basic  patents  in  this 
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area,  without  deriving  any  new  benefits  from  the  licenses. 

Of  the  798  new  cases,  41*0  (55%)  originated  in  North  America,  356 
in  Europe  (45%),  and  two  elsewhere.  Of  the  4259  continued  cases, 

2,787  (65%)  originated  in  North  America,  1,454  (35%)  in  Europe  and 
18  elsewhere.  This  is  consistent  with  the  post-war  pattern  for 
sources  of  technology. 

4.  Availability  and  Cost  of  Foreign  Technology  for  Japan 

According  to  many  reports  the  price  for  obtaining  foreign  tech- 
nologies has  been  increasing  in  recent  years.  Foreign  firms  are 
demanding  joint  ventures,  rather  than  simply  selling  know-how  for 
royalties.  Market  restrictions  written  into  the  agreements  in  In- 
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creasing  numbers  also  hurt  Japan's  international  competitive  position. 

In  1971  75.6%  of  all  new  type  A agreements  restricted  the  market  of 
the  Japanese  partner.  The  most  common  restriction  was  to  Japan  or  to 
Japan  and  Southeast  Asia,  and  restrictions  were  fairly  uniform  across 
industries.  (See  Table  I7) 

There  is  supposedly  a greater  reluctance  to  sell  technology  at 

all  now  that  the  Japanese  have  reached  world  technological  levels. 

As  one  American  executive  said:  "Fifteen  years  ago  Japan  was  still  an 

interesting  market  for  our  technology.  They  have  their  own  capabilities 

now,  so  we  will  be  more  careful  in  selling  our  know-how.  It  is  all 

right  to  provide  some  useful  Information  if  the  full  effect  is  good 

for  you  in  terms  of  business,  and  if  the  licensee  is  behind  techno- 
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logically.  This  is  no  longer  true  (for  Japan). 

This  may  be  one  of  the  major  reasons  the  U.S.  has  in  the  past 
been  so  generous  of  its  technology  to  Japan.  The  U.S.  has  provided 
57.8%  of  the  technologies  introduced  between  1950  and  1970.  In  some 
cases  the  liberal  licensing  policies  of  U.S.  firms  have  been  determined 
by  other  factors.  Western  Electric  has  always  been  liberal  in  its 
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licensing  policy.  This  originally  was  probably  mainly  due  to  the 
antitrust  suit  seeking  to  separate  Western  Electric  from  the  Bell 
System  in  the  I950's,  and  the  consequent  desire  not  to  appear  to  be 
monopolizing  the  semicondi-ctor  industry.  Bell  also  did  acquire  access 
to  important  semiconductor  development  arising  in  other  firms  by 
licensing  its  technology.  Similarly  IBM  has  had  a liberal  licensing 
policy  (at  least  since  I960),  again  perhaps  in  large  part  due  to  anti- 
trust problems.  These  policies  set  patterns  for  industries.  Firms 
such  as  Texas  Instruments,  and  earlier  IBM,  who  were  reluctant  to  sell 
licenses,  and  instead  sought  direct  investment  opportunities,  were 

often  forced  to  sell  patent  licenses  as  a price  for  entry  on  the 
27 

Japanese  market. 

Other  people  have  also  pointed  out  the  role  of  the  State  Depart- 
ment which  has  traditionally  favored  the  export  of  U.S.  technologies 
as  a means  of  winning  goodwill.  Transferring  aircraft  technology  in 
the  1950's  and  1960's  probably  made  the  development  of  fighter  aircraft 
more  politically  palatable  in  Japan,  and  allowed  greater  numbers  of 
planes  to  be  operated  by  the  Japanese  Air  Self-Defense  Forces  than 
would  have  been  the  case  if  they  had  had  to  be  purchased.^® 

In  any  case  there  are  a variety  of  answers  to  why  the  sources  of 
Japai ese  technology  were  willing  to  part  with  it.  The  remarkable 
thing  may  be  the  price  at  which  the  technology  was  sold,  most  often  a 
royalty  of  between  1^  and  5^  of  sales. This  technology  h.id  cost  far 
more  to  develop.  Apparently  foreign  firms  regarded  any  royalties  as  a 
windfall,  but  also  MITI  played  a major  role  in  keeping  this  price  in 
line  through  its  veto  power  on  licensing  agreements.  Much  of  the 
technology  was  not  the  latest  development,  but  often  five  to  ten 
years  old,  so  that  there  was  little  fear  of  direct  competition  in 
most  cases. However,  if  the  technology  wa-  transferred  in  an  area 
of  technology  that  was  relatively  stable,  for  instance  the  LD  pure 
oxygen  converter  for  steel  or  submerged-arc  welding  techniques  for 
shipbuilding,  the  Japanese  were  soon  offering  direct  competition  to 
the  source  of  technology. 
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S.  Japanese  Technological  Information  Gathering 

The  Japanese  have  gone  about  the  importation  of  foreign  technology 
in  a systematic  way.  How  have  they  obtained  the  necessary  information? 

How  do  they  monitor  R&D  in  the  U.S.  and  Europe? 

The  government  has  played  a role  in  this  activity.  The  Japan 
Information  Center  for  Science  ind  Technology  (JICST),  established 
in  1957  under  STA,  plays  the  role  of  translator  and  disseminator  of 
foreign  technical  information.^*  MITI  also  provides  information  on 
foreign  technologies.  Since  the  Patent  Office  is  a part  of  MITI,  the 
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most  important  new  foreign  •‘echnologies  in  a sense  came  to  MITI. 

Furthermore,  individual  Japanese  firms  make  use  of  the  open 
literature,  such  as  professional  journals,  trade  journals,  patent 
applications,  and  trade  convention  materials.  There  is  an  increasing 
tendency  to  permanently  station  scientific  staff  abroad.  Fujitsu  and 
Hitachi  in  the  area  of  computers  and  JEOL  (Japan  Electron  Optics  Lab) 
in  the  area  of  scientific  instruments  are  but  a few  of  the  firms  with 
technical  staffs  in  California.  These  staffs  are  responsible  for 
monitoring  the  new  developments  in  this  country.  In  the  area  of 
computers,  particular  attention  is  paid  to  the  new  applications  de- 
veloped in  this  country. 

The  Japanese  have  also  long  been  in  the  habit  of  sending  large 
delegations  to  the  U.S.  and  Europe  to  study  the  technologies  available 
there.  This  is  especially  true  of  the  start  of  major  projects,  such 
as  the  recent  Sunshine  Project,  at  the  start  of  which  a delegation 
visited  such  places  as  JPL  in  this  country  to  learn  about  solar  energy 
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research. 

The  long-term  contacts  between  various  Japanese  and  western  firms 
also  aid  in  the  gathering  of  information.  Lockheed  and  Kawasaki, 

Hughes  and  Nippon  Electric,  GE  and  Toshiba,  Westinghouse  and  Mitsubishi, 
Union  Carbide  and  Toyo  Rayon,  GE  and  Mitsui  Chemical,  Dow  Chemical 
and  Asahi  Chemical,  Babcock  and  Wilcox  and  Hitachi,  and  many  others, 
have  had  long-term  relations,  often  involving  joint  ventures,  in  some 
cases  involving  partial  ownership.  The  large  Japanese  firms  maintain 
close  ties  with  many  U.S.  firms  and  this  undoubtedly  aids  them  in 
learning  about  new  developments,  although  it  may  also  hinder  them  if 
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one  of  their  traditional  partners  is  unable  to  deliver  the  needed 
technology. 

Japanese  industry  also  makes  use  of  private  information  services 
and  university  contacts  both  in  Japan  and  abroad.  Many  Japanese  scien- 
tists have  been  educated  in  the  U.S.,  or  have  come  here  as  post-docs 
to  work  in  one  of  the  major  university  or  industrial  labs,  often 
sponsored  by  their  company  or  the  government.  American  scientists 
also  have  spent  time  in  Japanese  industry  as  consultants,  and  it  is 
not  uncommon  to  find  American  personnel  In  positions  of  responsibility 
in  RSD  efforts.  For  instance,  Honny  Chemicals  hus  employed  Dr.  John 
Wetzel,  formerly  of  GE's  Chemical  Division,  as  a general  manager  of 
one  of  their  research  laboratories.^^  Japanese  customers  are  among 
the  major  clients  of  such  management  information  firms  as  Quantum 
Science  Corporation,  a Palo  Alto  based  high  technology  management 
information  firm. 

Moreover,  the  large  trading  firms  also  maintain  staffs  in  this 
country  to  monitor  events  here.  In  general,  the  indisidual  Japanese 
firm  uses  as  many  of  these  services  as  it  can  afford.  The  larger 
firms  will  use  the  whole  wide  range  of  informants  in  gathering  infor- 
mation and  assessing  how  new  developments  may  be  employed. 
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G.  JAPANESE  R&D  CAPABILITIES  — STATISTICAL  OVERVIEW 

In  the  last  section  the  role  of  foreign  technology  in  Japan  was 
surveyed.  In  recent  years  the  Japanese  have  called  for  increased 
efforts  to  develop  their  own  R&D  capabilities  in  the  face  of  the 
increased  costs  of  foreign  technology  in  order  to  become  a leader  In 
so-called  "knowledge  intensive"  industries.  What  is  the  present 
status  of  Japanese  capabilities? 

1.  Technology  Export 

First,  hew  successful  have  the  Japanese  been  in  developing  ex- 
portable technologies?  In  Table  18  we  present  Bank  of  Japan  data 
t.irough  Fiscal  1971  on  receipts  and  payments  for  technology.  This 
indicate:;  that  Japan  has  been  increasingly  able  to  export  tech- 
nologies, though  exports  still  are  but  a small  percentage  of  imports. 

As  Table  19  indicates,  Japan  still  has  a far  different  technology 
import-export  profile  than  the  U.S.  or  West  European  countries.  It 
is  interesting  to  note  that  West  Germany  comes  closest  to  Japan's 
prof i le. 

In  Table  20  we  present  the  U.S. -Japan  balance  of  payments  figures 
in  royalties  and  fees.  These  again  Indicate  that  Japanese  industry 
has  not  been  successful  in  exporting  technologies  back  to  the  U.S. 

There  are  several  dangers  in  these  statistics.  First,  the  payments 
for  imports  include  many  cases  that  are  long  term  for  which  the  tech- 
nology has  long  since  been  transferred.  Thus  they  can  mislead  us  as  to 
the  present  situation.  Also,  the  international  comparison  is  difficult 
because  of  different  ways  of  keeping  statistics  in  different  countries. 
For  a discussion  of  how  close  the  U.S.  figures  come  to  measuring 
technology  transfer,  see  U.S.  Department  of  Commerce,  Survey  of  Current 
Business,  December  1973i  P«  I^”l8. 

Finally,  there  may  be  differences  in  the  attitudes  of  different 
countries  to  exporting  and  importing  technology.  An  interesting 
example  is  one  Department  of  State  Airgram,  A-857 , October  20,  1971 • 

It  states  that  "in  February  1971,  the  (Japanese)  press  reported  that  a 
request  by  Deer i ng-Mi 1 1 i kan  lor  a technical  tie-up  with  the  Industrial 
and  Technical  Synthetic  Textile  Laboratory  (a  MITI  affiliate)  for  the 
use  in  the  U.S.  of  newly  developed  electronic  auto-printing  knitting 
machine  was  turned  down  on  the  grounds  that  the  extensive  use  of  this 
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Table  18 


I 

1 

' RECEIPTS  AND  PAYMENTS  FOR  TECHNOLOGY:  JAPAN 


i 


i 


I 


I 

> 

i 

j 


Rece  ipts 

Payments 

Ratio 
Rece ipts/ 
Payments 

Year 

Million 

Yen 

$ Million 

Million 

Yen 

$ Million 

6,120 

17 

60,120 

167 

0.  102 

1965 

6,8i*0 

19 

69,120 

192 

0.099 

1966 

9,720 

27 

86,0i*0 

239 

0.113 

1967 

I2,2i*0 

3^* 

1 13,0i*0 

314 

0.108 

1968 

16,560 

1*6 

132,0i»0 

368 

0.125 

1969 

21 ,2i*0 

59 

155.880 

433 

0.136 

1970 

20,763 

60 

168,140 

488 

0.124 

1971 

106,778 

286 

1.097.505 

3.069 

0.097 

1950-1971 

i 


SOURCE:  Teahnoaratj,  January  197^,  ?.  98.  By  permission 

of  Fuji  Marketing  Research  Co.,  Ltd. 


Table  19 


INTERNATIONAL  PAYMENTS  AND  RECEIPTS  FOR  TECHNOLOGY 
(In  $ mill  ion) 


Year 

Rec 

U.S. 

Pay 

R/P 

West  Germany 
Rec  Pay  R/P 

Rec 

U.K. 

Pay 

R/P 

Rec 

France 

Pay 

R/P 

1969 

1.894 

221 

8.57 

96.5 

251.3 

.38 

207.1 

212.4 

.98 

192.8 

304.8 

.63 

1970 

2,203 

225 

9.79 

118.6 

307.1 

.39 

263.5 

239.3 

1.10 

214.4 

349.9 

.61 

1971 

2,491 

241 

10.34 

141.5 

358.5 

.40 

-- 

-- 

-- 

-- 

-- 

-- 

1972 

2,760 

276 

10.0 

w — 

SOURCES:  Tnrhnorvat,  January  197^,  p.  98;  U.S.  Department  of  Commerce,  Survey 

of  Currrnt  Bur.inrna,  December  1973,  P-  l^. 
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Table  20 

U.S.- JAPAN  BALANCE  OF  PAYMENTS  FOR  PATENTS,  MANUFACTURING  RIGHTS, 
LICENSES,  ETC.,  1960-1971  (MILLION  $) 


Year 

U.S.  Receipts 

Payments 

Balance 

I960 

kQ 

(7) 

-- 

48 

1961 

52 

(11) 

-- 

52 

1962 

53 

(IM 

2 

1 

51 

1963 

58 

(15) 

1 

57 

19614 

66 

(17) 

1 

65 

1965 

66 

(20) 

1 

65 

1966 

70 

(26) 

3 

67 

1967 

97 

(33) 

4 

94 

1968 

133 

(41) 

4 

129 

1969 

157 

(51) 

4 

153 

1970 

202 

(66) 

4 

198 

1971 

22  5 

(80) 

5 

220 

1972 

2kb 

(101) 

? 

? 

SOURCES:  National  Science  Board,  Saienae  Tndiaators,  1972,  U.S.  Commerce 

Department,  Survey  of  Current  Business,  December  1973.  p.  106.  | 

These  figures  are  from  the  Survey  of  Current  Business,  and 
include  only  unaffiliated  receipts  and  payments.  Direct  investment  I 

related  transactions  in  royalties  and  fees  arc  not  included.  These 

totaled  $80  million  in  1971,  or  about  25^  of  total  U.S.  receipts  i 

from  Japan  of  $305  million.  Presumably  direct  investment  related  ! 

payments  to  Japan  would  be  small  for  the  period.  Figures  in  parentheses  i 

are  for  d i rect- i nvestment  related  transactions  in  royalties  and  fees. 

It  might  be  a fairer  indicator  to  add  these  receipts  to  the  balance 
column. 

I 

i 
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technology  In  the  U.S.  might  hurt  Japanese  textile  exports."'  One 
could  quote  many  similar  examples  on  the  U.S.  side,  and  perhaps  these 
cases  of  reluctance  to  export  average  out.  What  may  not  average  out 
is  the  desire  to  import.  The  Japanese  are  far  more  diligent  in 
seeking  out  foreign  technologies  than  their  U.S.  or  European  counter- 
parts. The  so-called  not-invented-here  syndrome  is  reputed  to  be 
stronger  in  the  West,  and  there  is  perhaps  a greater  complacency  in 
the  U.S.  about  staying  informed  on  foreign  developments. 


We  do  have  statistics  for  the  year  1972  on  exports  of  technology 
by  most  businesses  in  Japan.  These  statistics  show  that  65O  companies 
out  of  9,705  in  the  sample  had  exported  technology.  These  650  companies 
had  more  than  a quarter  of  the  operating  profits  of  all  9,705  companies 
(1,939  billion  yen  out  of  7,^99  billion  yen),  and  performed  more  than 
half  of  all  RfiD  in  the  Industrial  sector  (555  billion  yen  out  of  10'*5 
billion  yen).  Thus  we  are  clearly  dealing  here  with  the  large 
companies,  and  these  companies  are  well  covered  by  the  Japanese 
statistics.  A total  of  1760  new  programs  of  technology  export  and 
1,076  continued  programs  were  reported.  The  new  programs  earned 
18,206  million  yen  (about  $00  million)  and  the  continued  programs 
23,967  million  yen  (about  $80  million).^  • 

Also,  somewhat  surprisingly,  in  the  non-electrical  machinery 
and  communications  and  electronics  equipment  industries  most  of  the 
new  cases  of  technology  export  in  1972  involved  Japanese  firms  capital- 
ized at  less  than  100  million  yen.  Only  I9  of  932  cases  in  non- 
electrical machinery  (v/orth  627  million  out  of  2.051  million  yen) 
and  30  of  cases  in  electronics  and  communication  equipment  (worth 
256  million  out  of  A,l85  million  yen)  involved  Japanese  firms  capi- 
talized at  more  than  100  million  yen.  This  may  be  a reflection  of  the 
structure  of  these  sectors.  It  could  also  be  that  large  companies 
set  up  small  subsidiaries  in  these  sectors  for  the  purpose  of  export!  ig 
technology.  One  would  have  expected  the  major  exporters  in  the  electronics 
sectors  to  be  NEC.  Toshiba.  Fujitsu.  Hitachi.  Sony.  Matsushita,  etc., 
certainly  all  capitalized  at  far  more  than  100  million  yen. 

Aside  from  these  sectors,  the  Japanese  statistics  do  show  that 

most  of  the  technology  export  does  involve  companies  capitalized  at 
more  than  100  mill  ion 


yen. 
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Southeast  Asia  is  the  major  recipient  of  Japanese  technology. 

As  Table  21  indicates,  Southeast  Asia  was  involved  in  k(>%  of  the  ex- 
port cases  and  paid  ^48%  of  the  royalties  to  Japanese  industries. 

North  America  was  involved  In  M%  of  these  cases,  paid  \S%  of  royal- 
ties; Europe  was  involved  in  23^  of  the  cases,  paid  2^4^  of  royalties. 

I South  America  had  7%  of  both  cases  and  royalties.  One  should  recall, 

I however,  that  the  total  value  being  considered  is  only  $110  million, 

and  that  North  America  is  paying  only  $16  million,  while  receiving 
I $560  million  (I68  million  yen)  from  the  Japanese  companies  capitalized 

I at  more  than  100  million  yen. 

j About  40^  of  all  technology  exports  by  Japan  are  in  the  area  of 

3 

industrial  chemicals,  and  other  important  areas  include  electronics 
and  communications  equipment  (13^),  iron  and  steel  (11^),  non- 
electrical machinery  (7^),  and  transport  machinery  (5.5^).  These,  as 
we  have  seen,  are  also  the  sectors  where  the  greatest  amount  of  funding 
is  devoted  to  R&D. 

The  point  of  this  statistical  analysis  is  that  the  backflow  of 

technology  to  the  U.S.  and  Europe  has  been  quite  small.  There  have 

I been  several  wel I'publ icized  examples,  such  as  the  Honda  stratified 

charge  engine  to  Ford  and  Chrysler  and  the  Mazda  rotary  engine  to  GM, 

but  they  have  been  relatively  rare. 

I 

i 

' * 2.  Patent  Activity 

I Another  indicator  we  may  use  is  the  patent  data  in  the  U.S.  and 

1 Japan.  The  U.S.  Patent  Office  has  recently  begun  a series  of  reports 

{ on  technology  assessment  and  forecast,  which  include  extensive  data 

on  foreign  shares  of  U.S.  patents  granted.  Figure  6 shows  the  rapid 
change  in  the  Japanese  share,  increasing  from  1%  to  almost  7%  in  a 10- 
year  period,  and  showing  an  especially  sharp  increase  in  the  last  few 
years. 

Similarly,  in  West  Germany  Japan  has  increased  its  share  of 

L 

patents  granted  from  3-56^  in  1967  to  9.72^  in  1971. 

There  are  difficulties  in  using  patent  data  that  should  not  be 
I ignored.  First  of  all,  the  large  majority  of  patents  are  never 
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EXPORT  BY  COMPANIES  WITH  100  MILLION  YEN  OR  MORE  OF  CAPITAL  (1972) 
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Fig. 6 — Annual  foreign  share  of  U.S.  patents— selected  countries 
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commercialized.  There  is  normally  a delay  of  several  years  between 
application  for  a patent  and  its  award.  There  are  differences  between 
nations  in  the  rigor  of  tests  for  originality,  and  differences  between 
nations  in  the  relative  success  of  litigation  involving  patent  rights. 
There  are  differences  between  industries  on  the  value  of  patenting 
discoveries,  although  for  the  industries  we  consider  this  factor  is 
probably  not  important. 

In  spite  of  these  difficulties  the  patent  data  does  give  useful 
indications  of  Japan's  growing  overall  R£D  capabilities  and  does  help 
to  point  to  areas  of  special  importance. 

Table  22  indicates  that  the  Japanese  have  been  able  to  maintain 
a constant  share  of  patents  registered  in  Japan.  This  is  in  contrast 
to  the  U.S.,  where  the  foreign  share  of  U.S.  patents  has  increased 
from  17^  in  I963  to  in  1972. 

The  petent  balance  between  the  U.S.  and  Japan  has  now  been  all 
but  eliminated  (Table  23).  If  we  had  the  1972  figures  they  would 
probably  .rhow  a balance  of  only  a couple  hundred  patents  on  the  U.S. 
side.  However,  the  U.S.  percentage  share  of  Japanese  patents  would 
still  be  more  "han  twice  the  Japanese  share  of  U.S.  ^./atents. 

In  Appendix  1 the  profile  of  Japanese  patent  activity  in  the  U.S. 
is  presented,  together  with  a comparison  with  overall  patent  activity, 
taken  from  the  June  1971*  U.S.  Patent  Office  report.  These  figures  cover 
U.S.  patent  activity  in  the  three-year  period  ending  June  30,  1973,  a 
period  during  which  Japan  received  about  5%  of  all  U.S.  patents. 

One  notices  if  one  scans  Appendix  1 the  selectivity  of  the 
Japanese  efforts.  Table  2l*  lists  the  classes  in  which  the  Japanese 
obtained  more  than  \0%  of  U.S.  patents  during  the  three-year  period. 

The  greatest  activity  is  concentrated  in  a few  general  areas:  fer- 

mentation, chemistry,  photography,  consumer  electronics  (sound  systems, 
TV,  tuners),  optics,  metallurgy,  horology,  automotive  technology, 
textiles,  and  other  electrical  systems.  Anyone  familiar  with  the 
structure  of  Japanese  industry  will  not  be  surprised  at  this  list 
of  areas.  This  is  a first  indication  that  the  Japanese  have  developed 
their  own  technologies  in  recent  years,  often  based  on  their  experience 
with  previously  imported  technologies.  In  many  of  these  areas  and 
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Table  22 

NUMBER  OF  FOREIGN  AND  DOMESTIC  PATENTS  REGISTERED  IN  JAPAN 


Country 

1967 

1968 

1969 

1970 

1971 

U.S. 

3,432 

4.903 

4.657 

4,774 

5.700 

West  Germany 

1.133 

1.531 

1.385 

1 .572 

2.197 

U.K. 

61 1 

111 

720 

772 

920 

Swi tzer land 

518 

540 

474 

610 

722 

France 

386 

473 

413 

506 

620 

Total  foreign 

6,896 

9.396 

8,870 

9.475 

11.652 

Domes t i c 

13.877 

18.576 

18.787 

21 .403 

24.795 

Total 

20,773 

27.972 

27,657 

mmaam 

Foreign  total  {%) 

33.2 

33. e 

32.1 

30.7 

32.0 

U.S.  total  (%) 

16.5 

17.5 

16.8 

15.4 

15.6 

SOURCE:  Indiit'trial  Vvopcvtn,  December  issues,  1968-72.  | 
Monthly  review  of  the  World  Intellectual  Property  Organize-  J 
tion  (WlPO)  and  the  United  International  Bureau  for  the  I 
Protection  of  Intellectual  Property  (BIRPI),  Geneva. 


Table  23 


U.S.- JAPAN  PATENT  BALANCE 


Year 

Awarded  to 
U.S.  in  Japan 

Awarded  to 
Japan  in  U.S. 

Balance 

1967 

3432  (16.5)^ 

1424  (2.17) 

2008 

1968 

4903  (17.5) 

1464  (2.48) 

3439 

1969 

4657  (16.8) 

2152  (3.19) 

2505 

1970 

4774  (15.4) 

2625  (4.07) 

2149 

1971 

5700  (15.6) 

4033  (5.15) 

1667 

SOURCE:  Industrial  Th'oppvtj,  December 

issues,  1968-72. 

NOTE:  In  1972  the  gap  may  have  all  but 

disappeared.  We  know  Japan  got  6.85^  of  U.S. 
patents  in  1972,  as  opposed  to  5.15%  in  1971. 
This  probably  means  the  absolute  number  for 
Japan  was  greater  than  5,000. 

3n 

Percent  of  total  grants  in  parentheses. 


L 


imil. 
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Table  2k 


PERCENTAGE  OF  U.S.  PATENTS  OBTAINED  BY 
JAPANESE  NATIONALS,  JUNE  1970-JUNE  1973 
(by  U.S.  patent  class) 


Patent  Class 

Percent 

Title 

28 

11  .2 

Textiles,  manufactur i ig 

58 

17.5 

Horology 

8A 

19.6 

Mus  ic 

95 

22.3 

Photography  (except  lenses) 

96 

14.8 

Photographic  chemistry,  processes  and 
material s 

123 

1 1 .0 

Internal  combustion  engines 

\k8 

1 1 .4 

Metal  treatment 

178 

10.1 

Tele'iraphy  (includes  TV) 

179 

10.9 

Tv  .ephony 

195 

23.1 

Fermentation  chemistry 

27k 

25.9 

Sound  recording  & reproducing 

303 

10.0 

Fluid  pressure  brake  and  analogue  systems 

313 

12.2 

Electric  lamp  and  discharge  devices 

315 

1 1.2 

Electric  lamp  and  discharge  devices, 
systeiTiS 

322 

12.7 

Electricity,  single  generator  systems 

33k 

14.7 

Tuners 

338 

14.0 

Electrical  resistors 

3^2 

13.5 

Optics,  motion  pictures 

355 

14.7 

Photocopy i ng 

SOURCE:  Taannology  Assessment  and  Forecast,  June,  197^, 

U.S.  Patent  Office. 
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subareas,  e.g.,  fermentation  chemistry,  photography,  consumer 
electronics,  magnetism,  piezoelectricity,  and  electron  microscopy, 
the  Japanese  have  been  making  original  contributions  for  much  of  the 
post-war  period,  and  in  some  cases  earlier,  in  others,  such  as  auto- 
motive technology  and  communications,  the  Japanese  contributions  have 
been  of  more  recent  vintage,  in  the  next  section  we  will  outline  several 
areas  of  science  and  technology,  pointing  to  Japanese  achievements  and 
setbacks,  with  attention  on  the  present  and  future. 
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JAPANESE  R6D  CAPABILITIES 


Footnotes 


1.  Department  of  State  Airgram,  A-857,  October  20,  1971, 

2.  The  42  billion  yen  total  seems  rather  high  when  compared  with  the 

figures  for  1971  In  Table  18,  more  than  doubling  In  a year. 

The  STA  and  the  Bureau  of  Statistics  may  be  using  different 
definitions  for  technology  export.  All  figures  are  from 
R&D  in  Japan,  1973,  Tables  14  and  16,  p.  150-151,  154-155. 

3-  It  is  the  industrial  chemical  sector  that  Is  most  successful. 

15.3  billion  yen  out  of  total  receipts  of  42.2  billion  yen 
in  1973  went  to  this  sector.  It  may  say  something  about  its 
strength.  Payments  were  30.3  billion  yen,  with  29.1  billion 
yen  In  continued  cases,  1.2  billion  yen  In  new  cases.  10.2 
billion  yen  of  receipts  came  from  Southeast  Asia. 

4.  December  I968  and  December  1972  issues  of  Industrial  Property, 

Monthly  Review  of  the  World  Intellectual  Property  Organization 
(WlPO) , Geneva . 
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Ml.  PRESENT  STATUS  OF  SCIENCE  AND  TECHNOLOGY  IN  JAPAN 


A.  INTRODUCTION 

Although  this  part  of  the  report  surveys  a wide  area  of  Japanese 
science  and  technology,  it  does  not  aim  at  being  comprehensive.  That 
is  beyond  the  scope  of  this  report.  Instead,  we  aim  at  developing  a 
body  of  information  from  which  trends  may  be  detected.  The  fact  that 
we  do  not  cover  an  area  should  not  be  interpreted  as  meaning  Japanese 
capabilities  are  limited  in  that  area. 

We  have  chosen  to  organize  the  material  by  industrial  sector. 

This  has  allowed  us  to  make  some  use  of  Japanese  statistical  data. 

This  means  however  that  some  fields  of  science  are  mentioned  in  several 
sections.  For  instance,  laser  technology  is  mentioned  in  connection 
with  applications  to  optical  communications  and  to  nuclear  fusion. 

We  have  used  a variety  of  indicators  of  strength:  the  personal 

evaluation  of  experts,  either  from  the  literature  or  from  private  con" 
versations,  the  success  in  obtaining  patents  in  the  U.S.,  the  length 
of  tim»j  taken  to  imitate  breakthroughs,  the  extent  of  cross-licensing, 
the  extent  and  type  of  technology  import,  the  extent  of  joint  inter- 
national research  efforts,  and  the  ability  to  export  technology.  Our 
approach  has  been  descriptive,  rather  than  analytical.  We  have  not 
been  able  to  use  all  of  these  indicators  in  any  one  section.  (A 
possible  future  study  might  deal  with  the  development  of  the  analyti- 
cal tools  needed  to  better  quantify  what  we  mean  by  relative  strengths 
and  weaknesses.) 

For  the  different  areas  covered  we  have  also  tried  to  mention, 
when  available,  the  level  of  effort  in  terms  of  manpower  and  funding, 
and  in  comparison  with  U.S.  levels,  and  some  historical  background  on 
the  same  area. 
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B.  IRON  AND  STEEL 

Since  the  beginning  of  the  modern  era,  the  steel  industry  has 
played  a major  role  in  the  Japanese  economy,  and  has  received  a great 
deal  of  government  attention,  perhaps  more  in  relation  to  capacity 
than  in  relation  to  technology.  Japan's  crude  steel  production 
reached  96.9  million  metric  tons  in  1972,  placing  Japan  a close  third 
in  world  crude  steel  production.  Various  Japanese  steel  companies 
operate  most  of  the  largest  blast  furnaces  in  the  world,  many  with 
capacities  well  in  excess  of  5.000  cubic  meters.  Nippon  Kokan's 
Fukuyama  Works  is  the  world's  largest  integrated  steelworks,  a show- 

place  for  the  Japanese  industry. 

The  steel  industry  in  1972  employed  2.9^  of  all  researchers  in 
the  industrial  sector,  and  spent  k.0%  of  all  research  funds.  Ex- 
penditures per  researchers  of  11,1490,000  yen  ($38,000)  were  among  the 
highest  of  any  industry. 

The  relative  share  of  the  steel  industry  in  industrial  RtD  has 
declined  since  1961,  when  3.8%  of  all  researchers  worked  in  this 
sector  and  6.1%  of  all  R&D  expenditures  took  place  in  this  sector. 

Research  Is  concentrated  in  the  largest  steel  firms.  The  five 
'argest  firms  spent  an  average  of  $21  million  each  on  R&D  in  1972. 

This  was  75.6%  of  the  industry's  expenditures.  They  also  employed  69% 
of  tiie  industry's  researchers.  Expenditures  on  R6D  were  only  .92%  of 
sales  for  these  firms.  Nippon  Steel  by  itself  employs  30%  of  the 
researchers  in  the  industry.  In  1973  its  expenditures  on  R&D  grew 
to  $68  million,  1.1%  of  Its  sales. 

fkjst  of  the  work  performed  in  industrial  steel  labs  is  develop- 
mental. In  1972  development  consumed  62%  of  expenditures,  applied 
research  29%,  and  basic  research  only  9%.  The  specialties  of  the 
3,600  research  workers  in  the  industrial  sector  included  mining  and 
metallurgy  (1^09),  mechanical  engineering  (704)  , chemistry  (668),  and 
mathematics  and  physics  (357). 

Approximately  six  percent  of  R£0  in  the  steel  sector  went  to 
research  on  pollution  control  in  1972.  The  most  important  areas  of 
R6D  are  the  development  of  new  steel  alloys,  the  development  of  new 
processes  for  handling  steel,  and  improvement  of  present  processes. 
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The  industrial  effort  is  supported  by  research  at  the  research 
institutions  and  the  universities.  There  are  539  researchers  in  re- 
search institutions  with  mining  and  metallurgy  as  their  specialty, 
and  1316  researchers  in  the  university  sector  with  this  specialty. 

Work  in  these  institutions  is  more  oriented  to  basic  research,  and  in 
the  area  of  magnetic  alloys,  is  among  the  best  in  the  world.  In  the 
university  sector  the  most  famous  institution  is  The  Research  Institute 
for  Iron,  Steel,  and  Other  Metals  at  Tohoku  University  in  Sendai.  It 
was  here  that  Honda,  the  inventor  of  the  KS  magnet  in  1917,  and 
Mishima,  who  developed  the  KK  magnet  in  1931,  worked.  Their  work 
paved  the  way  for  the  development  of  the  Alnico  magnet,  still  one 
of  the  most  important  hard  magnetic  alloys.  Today  Professor  Masumoto 
is  a world  leader  in  the  development  of  amorphous  alloys.  The  Uni- 
versity of  Tokyo  is  also  an  important  research  center  in  this  field. 
Professor  Kondo  is  well  known  for  his  study  of  the  low  temperature 
properties  of  dilute  magnetic  alloys. 

The  Japanese  steel  Industry  has  traditionally  relied  on  foreign 
technology.  After  the  war  the  LD  (Llnz-Donawi tz)  pure  oxygen  steel 
process  was  introduced  from  Austia.  Today  it  is  virtually  the  sole 
method  used  in  making  carbon  steels  in  Japan.  The  Japanese  did  improve 
the  furnao-  developing  better  lining  refractories,  the  multinozzle 
oxygen  lance  and  new  methods  for  recovering  waste  gases,  all  of  which 
enhanced  the  economic  advantages  of  the  system. 

Another  example  of  technology  import  during  this  period  was  the 
licensing  of  free  standing  blast  furnace  technology  by  Kawasaki  from 
Wolf  Co.  of  West  Germany.^  This  was  used  for  Chiba  No.  1 and  No.  2 
blast  furnaces.  Today  free-standing  and  semi -f ree-stand 1 ng  blast 
furnaces  are  in  increasing  use  in  Japan,  as  Nippon  Steel  has  also 
adopted  this  construction. 

During  the  period  1950-196^»  there  were  99  type  A agreements 
and  2k2  type  B agreements  for  licensing  foreign  technology  in  this 
sector,  and  this  licensing  has  continued  (see  Table  14  above,  where 
all  metals  are  grouped  together)  By  the  late  1960's  domestic  R6D 
had  made  significant  strides,  and  Yawata  Steel  was  widely  publicized 
as  exporting  more  technology  than  it  imported.  This  included  jumbo 


blast  furnace  design  technology,  sold  to  Ashmore,  Benson,  Pease  and  Co., 
Britain's  biggest  blast  furnace  builder,  and  assistance  in  modernizing 


a flat  steel  production  faciiity  in  Bremen  of  Kloeckner  Werke  A.  G., 


Duisberg.  .Moreover,  by  i 965  Japanese  blast  furnaces  consumed  cnly 


507  kilograms  of  coke  to  produce  a metric  ton  of  pig  iron,  the  iowest 
coke  ratio  in  the  worid.^ 


Stiii  there  was  extensive  use  of  foreign  technoiogy.  Guiiiain 
outlined  a partial  list  of  Mitsubishi  Heavy  Industries  (MHI)  licensing 
agreements  in  effect  in  1963: 

High-pressure  blast  furnaces  and  sintering  processes  (pre- 


liminary treatment  of  ore)  - McKee  and  Co.,  U.S. 


Pure  oxygen  L.D.  convertors  and  Kaldo  convertors  - Pentsel 
Bamag  A.G.,  West  Germany. 

Continuous  casting  plants  - Loftus  Engineering,.  U.S,.;  Earle 
Olsson,  Sweden. 


Rolling  Mills  - Mesta  Machine  Co.,  U.S.;  Schoemann,  A.G., 
West  Germany;  Loftus,  U.S.;  Drever  Co.,  U.S. 


Machine  Tools  - Inmcunti-Berthiez,  Italy;  Oerlikon,  Switzerland; 
Rockford,  U.S.,  Acme  and  Gridley,  U.S.;  Caterpillar,  U.S.^ 


MHI  was  the  biggest  producer  of  iron-  and  steel -work i ng  plant  and 
machinery  at  that  time. 

Japan  has  not  exported  any  significant  steel  technology  to  the 
U.S.  In  1972,  of  the  92  cases  of  steel  technology  export  involving 
companies  capitalized  at  more  than  100  million  yen,  the  U.S.  was  in- 
volved in  8,  and  the  payments  were  negligible.  Most  of  Japan's  exports 
of  steel  technology  were  to  Southeast  Asia,  South  America,  and  Europe 
(with  which  Japan  had  a positive  balance  of  payments  for  steel  tech- 
nology). Of  the  251  cases  of  technology  import,  131  involved  North 
America  and  120  Europe.  Payments  for  technology  totaled  5,1^5  million 
yen  ($17  million)  and  receipts  totaled  k,2Sk  million  yen  ($14  million). 

In  several  U.S.  patent  classes  related  to  metals  and  metallurgy 
the  Japanese  have  significant  activity.  These  include  the  following 
classes:  72  (metal  deforming  - 6.2%),  75  (metallurgy  - 8.9%),  148 

(metal  treatm^int  - 11.4%),  228  (metal  fusion  bonding  apparatus  - 5-3%), 

10^^/ ,._ii • . t. 


and  266  (metallurgical  apparatus  - 6.7%).  The  percentages  are  for 
the  3 year  period  ending  June  30,  1973- 


i 


I 


75 


1 


Current  developments  that  give  some  indication  of  present  capa- 
bilities include  the  following  cases.  Kawasaki's  Chiba  Iron  Works  is 
presently  capable  of  manufacturing  the  largest  outside  diameter  steel 
pipes  in  the  world.  The  outside  diameter  of  the  product  ranges  from 

508  to  1,422  mm  at  present,  and  will  be  extended  to  1,652  mm  (64  Inches) 

9 

in  the  future.  The  DOE  pipe  mill  has  an  annual  capacity  of  300,000  tons. 

Kobe  Steel,  Ltd.  has  developed  the  world's  first  practical 
double-acting  indirect  extrusion  machine,  with  a capacity  of  3,60C 
tons.  It  can  extrude  aluminum  alloy  blank  at  a speed  of  up  to  90  mm/ 
minute.  With  increased  demand  for  the  production  of  aluminum  alloy 
shapes,  this  may  be  an  important  developmerit.'® 

Yutaka  Kosakusho  Co.  and  the  Department  of  Precision  Engineering, 
Osaka  University,  have  jointly  developed  a new  pipe  bending  process 
based  on  the  exertion  of  force  on  the  interior  surface.  Again  due  to 
increased  demand  for  pipes  bent  to  fine  tolerances  by  aircraft, 
chemical,  and  shipbuilding  industries,  this  may  be  an  important  de- 
velopment. In  any  case,  it  is  an  example  of  the  industry-university 
cooperation.  Apparently  the  firm  put  forward  the  idea  and  the  uni- 
versity demonstrated  the  theoretical  basis  of  the  process  and  made 
experiments  on  it.'' 

Finally,  in  the  area  of  steel  alloys  Japanese  work  is  outstanding, 
as  it  has  been  since  the  days  of  Honda.  Work  on  soft  magnetic  alloys 

10 

such  as  Si-Fe  and  Ni-Fe  alloys,  is  extensive  and  at  world  levels. 

An  example  is  the  high  permeability  grain-oriented  silicon  steel 

ORIENTCORE  Hl-B  developed  by  Nippon  Steel,  which  is  used  as  the  core 

material  of  large  transformers  and  large  rotating  machines.'^  This 

technology  has  been  licensed  abroad  by  Nippon  Steel.  The  situation  is 

similar  for  hard  magnetic  alloys,  such  as  the  RCo,.  (cobalt  rare  earth) 

14  5 ' 

a I loys . 

A recent  major  development  has  taken  place  at  the  Institute  for 
I jn.  Steel,  and  Other  Metals  at  Tohoku  University.  There  Professor 
Masumoto  and  Assistant  Professor  Hashimoto  have  developed  an  amorphous 
steel  alloy  in  solid  form  using  a "centrifugal  quenching  process." 

This  alloy  contains  iron,  phosphorus  (8?'),  carbon  (2?;),  and  several 
percent  of  chromium.  It  is  several  times  as  tough  as  stainless  steel 


i 
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and  rcTistant  to  corrosion  and  pitting  even  in  a dilute  solution 
of  hydrochloric  acid.  This  alloy  can  be  mass-produced  and  may  have 
significant  applications  for  areas  with  high  strength  requirements 
and  as  a coating  material  where  ant i -corros ion  is  important,  e.g., 
in  nuclear  and  chemical  plants. 
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Table  25 

IRON  AND  STEEL  RfiO  STATISTICS 


i 


Year 

Number  of 
Researchers 

Expend i tures 
on  R&D 

(Mill  ion  Yen) 

Expend i tures 
Per  Researcher 
(10,000  Yen) 

Expend i tures 
As  Percent 
of  Sales 

1961 

1760  (3.8) 

9954  (6.1) 

566 

.52 

I96l» 

2185  (3.7) 

13323  (5.5) 

610 

.65 

1967 

2736  (3.4) 

19858  (5.2) 

726 

.63 

1969 

3HI  (3.3) 

30268  (4.8) 

973 

.63 

1970 

3361  (3.0) 

36565  (4.4) 

1088 

.64 

1971 

3767  (3.3) 

40881  (4.6) 

1085 

.77 

1972 

3600  (2.9) 

41379  (4.0) 

1149 

.77 

Numbers  in  parentheses  are  percentages  of  all  industrial  researchers 
and  expenditures  that  steel  constitutes. 

SOURCE : R&D  in  Japan,  1972. 


Major  Companies 

1.  Nippon  Steel  (Yawata*FuJi  merger) 

2,  Nippon  Kokan 
3*  Sumitomo  Metal 
k.  Kawasaki  Steel 
5.  Kobe  Steel 
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C.  NON-FERROUS  METALS 

The  non-ferrous  metals  sector  has  been  very  largely  dependent 
on  foreign  technology.  A look  at  the  level  of  effort  in  the  sector 
helps  to  explain  why.  Only  1.5%  of  all  researchers  were  employed 
in  this  sector  in  1972.  Only  1.8%  of  expenditures  were  in  this 
sector,  and  expenditures  have  averaged  about  1%  of  sales  (although 
this  is  not  very  different  from  the  U.S.  figure).  Almost  all  the 
R£D  goes  to  development  (C3%)  , with  applied  research  (27%)  and  basic 
research  (5%)  receiving  much  smaller  shares.' 

Total  expenditures  for  R£D  in  this  sector  in  1972  were  18,8G6 
millior  yen  (or  $63  million).  Only  2%  of  this  went  for  work  on 
pollution  control.  Over  one  third  (665)  of  the  1,856  researchers  ii 
this  sector  were  chemists.  Other  important  fields  of  specialty  V'Xjre 
mining  and  metallurgy  (40o) , electrical  engineering  and  telecommuni- 
cations (392)  and  mechanical,  marine,  and  aircraft  engineering  (233). 

In  this  sector  it  is  again  the  fev<  giant  firms  that  perform  most 
of  the  R£D.  The  six  firms  capitalized  at  more  than  10  billion  yen 
performed  46%  of  R£0  in  1972. 

During  the  period  1950-196*«  Tsurumi  found  that  there  had  been 

73  type  A 1 icensing  agreements  and  55  type  B 1 icensiny  agreements 

2 

concluded  in  this  sector. 

The  OECD  in  a study  in  the  late  1960's  found  that  there  had  been 
little  innovation  in  this  sector  in  Japan. ^ Most  technology  had  been 
1 icensed  or  imitated  from  abroad.  One  development  in  the  copper 
sector  was  found  worthy  of  note,  the  oxygen  smelting  (llorxada)  process. 

In  1972  there  were  only  43  cases  of  technology  export  worth  309 
million  yen.  These  exports  were  almost  all  to  Southeast  Asia  and 
South  America.  There  were  159  cases  of  import  of  technology  worth 
2,604  million  yen,  69%  of  this  going  to  North  America. 

Only  in  this  last  year  have  there  begun  to  be  signs  of  signifi- 
cant Japanese  export  of  technology  in  this  sector.  One  agreement 
involves  Revere  Copper  and  Brass  Inc.  of  the  U.S.,  which  is  purchasing 
Sumitomo  Chemical  Co's  aluminum  refining  technology  for  use  in  a joint 
venture  plant  in  Scottsboro,  Alabama.^ 
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Mitsubishi  Metal  is  also  said  to  have  several  potential  pur- 
chasers of  its  "continuous  copper-producing"  technology.  This  tech- 
nology is  said  to  have  a variety  of  advantages,  including  a smelting 
speed  3"6  times  faster  than  conventional  methods,  high  heat  effici- 
ency, low  energy  consumption,  low  waste  gas  production,  and  lower 
construction  and  operation  costs. ^ 

These  developments,  both  reported  during  197^,  art  certainly 
among  the  first  major  sales  of  Japanese  technology  in  this  sector. 


Table  26 

NON-FERROUS  METALS  Rf.D  STATISTICS 


Year 

Number  of 
Researchers 

Expend i tures 
on  RSD 

(Million  Yen) 

E xpend i tures 
Per  Researcher 
(10.000  Yen) 

Expend i tures 
as  Percent 
of  Sales 

1961 

1478  (3.2) 

6365  (3.9) 

431 

.83 

1964 

1664  (2.8) 

7863  (3.2) 

473 

1 . 10 

1967 

2306  (2.8) 

11149  (2.9) 

483 

.89 

1969 

1597  (1.7) 

13689  (2.2) 

857 

.80 

1970 

1900  (1.7) 

17872  (2.2) 

941 

.93 

1971 

2050  (1.8) 

17084  (1.9) 

833 

1.04 

1972 

1856  (1.5) 

18866  (1.8) 

1016 

.99 

SOURCE:  ffiiP  in  v in, 

MOTES:  Number  in  parentheses  are  percentages  of  all  indus- 

trial researchers  and  total  industrial  expenditures.  Principal 
compan i es : 

Aluminum:  Nippon  Light  Metals  (35%  owned  by  Alcan); 

Showa  Denko  KK. 

Copper  : Nipp>on  Mining  Co.,  Mitsubishi  Metal  Mining  Co. 

Titanium:  Toho  Titanium  Co.,  Osaka  Titanium  Co. 

Nickel:  Sumitomo  Metal  Mining  Co.,  Taiheiyo  Nickel  Co., 

Nippon  Mining  Co. 
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NON-FERROUS  METALS 


Footnotes 

1.  Statistics  here  and  below  taken  from  R&D  in  Japan,  1973. 

2.  Tsurutni  Thesis,  p.  205-208. 

3.  Gaps  in  Technology:  Non-Ferrous  Metals,  OECD,  Paris,  1969. 

h.  Japan  Economic  Journal,  "Revere  Will  get  Sumitomo's  Technology," 
July  9,  197'*. 

5.  Japan  Economic  Journal,  "Mitsubishi  Metal  is  Slated  to  Export 
Copper  Technology,"  July  9,  197'*. 
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D.  THE  CHEMICAL  INDUSTRY 

Like  the  steel  industry,  the  chemical  industry  has  long  been 
emphasized  in  Japan.  Most  major  innovations  have  been  introduced 
from  abroad,  but  there  have  also  been  major  domestic  innovations  in 
such  areas  as  nylon  6,  urea  fertilizer,  carbon  fiber,  and  amino  acids. 
This  is  the  industry  most  able  to  export  its  technology  abroad,  even 
to  advanced  nations. 

Due  to  the  size  of  the  industry,  we  have  chosen  to  present  a 
statistical  overview  of  the  industry  as  a whole,  followed  by  a dis 
cussion  of  a few  selected  areas  where  either  foreign  technology  has 
played  a large  role,  or  the  Japanese  have  developed  significant  capa- 
bilities, or,  more  usually,  both. 

1.  Statistical  Overview 

The  chemical  sector  makes  up  about  one-fifth  of  all  indusf'ial 
R£0  in  terms  of  both  expenditures  and  manpower.  There  has  been  a 
downward  trend  in  the  share  of  industrial  chemicals  (from  15^^  of  ex- 
penditures in  1961  to  9^  in  1972),  but  the  rest  of  the  chemical  sector 
has  maintained  or  increased  its  share  of  industrial  R6D  over  this 
per iod . ' 

It  is  also  an  industry  that  is  relatively  R&D  intensive,  as 
measured  by  expenditures  on  RsO  as  a percentage  of  sales,  with  l.'ikt 
of  sales  going  to  RsO  in  1972.  This  is  still  significantly  below  the 

U.S.  figure  of  about  3-9^  in  1971- 

In  scale  also  the  Japanese  chemical  industry's  R&D  effort  is 
dwarfed  by  that  of  their  U.S.  and  European  counterparts.  In  FY  1972 
the  five  largest  firms  in  the  chemical  sector  spent  36.7  billion  yen 
($122  million)  on  Rf.O.  The  20  largest  firms  spent  $289  million.  This 
compares  to  Dupont's  expenditures  of  $256  million  in  1972,  and  $276 
mi  1 1 ion  in  1973- 

RsD  is  also  surprisingly  decentralized  in  the  chemical  sector. 

The  seventeen  firms  capitalizrd  at  more  than  10  billion  yen  utilize 
only  one-third  of  all  RsD  expenditures  and  employ  only  one-quarter 
of  the  researchers  in  the  sector.  Fourteen  of  the  seventeen  largest 
firms  are  in  the  Industrial  chemical  subsector;  one  is  in  the  drug 
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subsector,  one  in  the  oils  and  paints  subsector,  and  one  in  the 
"other  chemirals"  subsector. 

Overall  15^  of  industrial  R6D  in  this  sector  goes  to  basic  research 
{n%  of  the  expenditure  in  the  pharmaceutical  sector  goes  to  basic 
research,  only  8^  for  oils  and  paints).  Twenty-seven  percent  of 
industrial  R6D  goes  to  applied  research,  and  5^1  to  development. 

In  addition  to  industrial  efforts,  there  were  7,893  chemists  in 
the  university  sector  and  3,599  chemists  in  the  research  institution 
sector  in  1972.  We  will  below  see  several  examples  of  significant  work 
performed  in  the  universities. 

The  industry  has  been  largely  dependent  on  the  introduction  of 
foreign  technology  throughout  the  modern  era.  Table  27  shows  the  time 
lag  in  the  first  commercialization  of  various  important  chemical 
products.  The  Japanese  have  had  to  license  or  imitate  all  of  these 
developments  (although  in  the  case  of  nylon  6,  Toyo  Rayon  did  indepen- 
dently develop  its  own  nylon  6 in  the  late  1930's,  but  after  the  war 
had  to  take  out  a license  because  of  the  patent  position  of  Dupont). 

During  the  period  1950-196^*  there  were  303  type  A licensing  agree- 
ments and  166  type  B licensing  agreements  concluded  by  the  Japanese 
chemical  industry. ^ This  trend  continued  during  the  1960's  (see  Table  ]k 
above)  with  the  chemical  sector  concluding  about  20'>  of  all  licensing 
agreements  between  1965  and  1970. 

In  1972  the  chemical  sector  was  involved  in  99  new  technology 
imports  and  780  continued  programs,  costing  1600  million  yen  and 
39,500  million  yen,  respectively.  More  than  80%  of  these  payments 
were  going  to  the  U.S.,  but  largely  for  technologies  that  had  already 
been  transferred,  for  instance,  for  basic  petrochemical  technologies 
introduced  to  Japan  over  the  past  20  years.  The  chemical  industry 
was  able  to  export  technology  to  the  U.S.  and,  in  fact,  receipts  for 
new  exports  of  technology  to  the  U.S.  (1,259  million  yen)  exceeded 
those  for  new  imports  (876  million  yen),  although  only  1,030  million 
yen  was  received  from  the  U.S.  for  continued  cases,  and  32,576  million 
yen  was  paid  to  the  U.S.  for  continued  cases.  Almost  all  of  the  exports 
of  technology  were  in  the  industrial  chemical  sector,  and  the  great 
majority  of  cases  involved  Southeast  Aslan  countries. 


Table  27 

TIME  LAG  IN  COMMERCIALIZATION  OF  MAIN  CHEMICAL  PRODUCTS 


Product 

Cel  I u loi d 
Phenol 
Cel lophane 
Alkyd  resin 
Urea  resin 
Polyvinyl  alcohol 
Polystyrene 
M M A 
P V C 
L D P E 
Melami ne 

Vi nyl idene  chlor ide 
Nylon 
Polyester 
Fl'jorine  resin 
ABS  resin 
Epoxide  resin 
Acetal  resin 
Polypropylene 
Polycarbonate 


First  Year 
for 

Commer- 
cial izat ion 


U.S.  U.K. 


7 13 


0 21 
3 20 


West 

France  Germanv 


Italy  Japan 


SOURCE:  Teahnoaratj  January  197^,  p. 

Research  Co. , Ltd. 


By  permission  of  Fuji  Marketing 
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Total  receipts  for  export  of  techr.ology  in  the  chemical  sector  in 
1972  were  16,A09  million  yen  ($55  million).  This  was  39^  of  all  receipts 
reported  by  the  Bureau  of  Statistics,  a share  twice  the  size  of  the 
chemical  sector's  share  of  R&D  funds.  Also,  receipts  for  new  technology 
transfer  cases  with  Europe  exceeded  payments  (1,500  million  yen  vs. 

666  million  yen),  but  payments  exceeded  receipts  for  continued  cases 
(6,230  million  yen  vs.  1,64?  million  yen). 

We  will  below  discuss  some  of  the  cases  of  technology  transfer  in 
this  sector,  and  point  out  at  least  a few  areas  of  Japanese  strength. 

As  we  will  see,  there  are  extensive  ties  to  western  firms  in  many  sub- 
sectors. There  is  also  widespread  use  of  American  and  European  con- 
sultants and  short-term  employment  of  foreign  industrial  chemists  and 
eng i neers. 

The  Soviet  Union  has  provided  almost  no  technology  in  this  sector, 
altliough  recently  Toyo  Engineering  has  imported  two  Soviet  techniques, 
one  for  concentrating  solutions  by  using  thin  rotary  films  for  rapid 
evaporation,  and  the  other  an  incinerator  for  industrial  waste  liquids.^ 

In  several  classes  of  U.S.  patent  statistics  related  to  chemicals 
the  Japanese  show  significant  activity.  Previously  mentioned  were 
fermentation  chemistry  and  photographic  chemistry  (see  Table  24). 

Table  28  presents  a list  of  various  subclasses  in  which  Japan  showed 
significant  activity  in  1972,  and  comparisons  with  U.S.  and  West  Germany, 
Japan's  principal  rivals  in  the  chemical  sector. 

Over-ill  one  gets  the  impression  that  in  this  sector  the  Japanese 
are  at  world  levels  almost  everywhere,  and  now  have  the  capability  of 
coming  up  with  interesting  new  chemicals.  They  lead  the  world  in  the 
production  of  such  diverse  products  as  rayon,  lysine,  and  saccharin. 

In  plastic  and  resin  production  they  trail  only  the  U.S.  and  West 
Germany.  Several  significant  new  developments  will  be  mentioned  below 
in  such  areas  as  carbon  fiber  and  pharmaceuticals. 


Table  28 


i 

h 

r. 

f 

t 

\ 

E 
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NUMBER  OF  1972  U.S.  PATENTS  OBTAINED  BY  CITIZENS  OF 
U.S.,  GERMANY,  AND  JAPAil  IN  SELECTED  CHEMICAL  AREAS 


Tota  1 


United  States 


Germany 


Ja 


1.  Synthetic  resins  admixed  with  a solvent  (heterocyclic  or 
sulfur  compound) 


148 


74 


26 


24 


2.  Nitrogen-containing  synthetic  resin  admixed  with  an  amine  or 
amide  solvent 


132  76 

3.  Formaldehyde  polymers 

31  10 

4.  Certain  interpolymer  resins 

307  170 


19 


11 


40 


19 


11 


39 


5.  Certain  copolymers  prepared  from  unsaturated  carboxylic  acid 
ester  monomers 


193  103  21 

6.  Homopolymers  of  certain  vinyl  halides 

115  46  18 


32 


21 


SOURCE:  Teahnologu  Assessment  and  Forecast  ^ U.S.  Patent  Office, 

December,  1973- 


Table  29 

CHEMICALS  R&O  STATISTICS 


Number  of 
Resfcirchers 

Expend i tures 
on  R&O 

(Million  Yen) 

Expend i tures/ 
Researcher 
(10,000  Yen) 

Expend  i tur'is 
as  Percent 
of  Sales 

9,07'+  (21. ^4) 

36,832  (22.5) 

373 

1.64 

14.552  (24.7) 

66,002  (27.1) 

454 

1 .88 

19.075  (23.4) 

91 ,302  (24.1) 

479 

1.85 

21,565  (22.9) 

1 

137,296  (21 .9) 

637 

1 .99 

24,669  (22.2) 

175.132  (21.3) 

710 

2.10 

25.232  (22.4) 

193,682  (21.6) 

768 

2.30 

26.207  (21.0) 

199.235  (19.1) 

760 

2.34 

E:  R&D  in  Javan,  197S. 

E:  Numbers  in  parentheses  are  percentages  of  all  industrial 

researchers  and  total  industrial  expenditures. 
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2.  Caustic  Soda 

This  sector  is  worthy  of  note  because  it  is  presently  undergoing 
a change  in  production  methods.  In  the  past  mercury  cell  production 
was  the  method  used  for  the  production  of  caustic  soda  in  Japan.  This 
has  caused  severe  environmental  problems,  including  severe  effects  on 
people's  health.  Mlnimata  disease  has  been  traced  to  mercury  in  in 
dustrial  wastes.  The  industry  is  under  government  order  to  convert 
of  its  mercury  cell  facilities  to  the  non-polluting  diaphragm 
cell  process  by  September  1975  and  to  complete  the  transfer  by 
March  1978.  To  complete  this  transformation,  Japanese  caustic  soda 
manufacturers  are  said  to  be  seeking  technical  assistance  from  U.S. 
caustic  soda  manufacturers.  Chiyoda  Chemical  Engineering,  for  example, 
has  a licensing  agreement  with  Hooker  Chemical  of  the  U.S,  for  its 
diaphragm-cel  1 process. 

One  U.S.  firm,  Dow  Chemical,  is  considering  setting  up  a wholly 
owned  subsidiary  to  produce  caustic  soda  in  Japan.  The  production 
capacity  might  be  about  720,000  tons/year,  which  would  be  about  l6^o 
of  expected  demand  in  1976.  Dow  has  never  licensed  its  diaphragm 
cell  technology  to  outside  firms,  and  its  move  into  Japan  is  being 
strongly  opposed  by  the  industry.  This  is  widely  regarded  as  a test 
of  Japanese  foreign  Investment  liberalization,  as  this  sector  was 
liberalized  in  May  1973.  The  feasibility  study  for  the  plant  will  not 
be  completed  until  March  1975-  This  will  be  an  interesting  development 
to  monitor,  especially  to  see  if  Dow  is  pressured  to  license  its 
diaphragm  cell  technology  as  the  price  of  entry, ^as  IBM  and  Tl  were 
in  similar  cases  in  previously  liberalized  days. 


3.  Basic  Petrochemicals 

Basic  petrochemical  technology  was  introduced  to  Japan  starting 
in  1957,  with  the  U.S.  providing  most  of  the  know-how.  In  particular 
the  naphtha  cracking  technology  was  licensed  from  Lummus  and  Stone 
and  Webster.^ 

This  is  an  Industry  over  which  the  government  keeps  close  watch. 
It  is  felt  to  be  a crucial  industry  by  MITI,  one  still  in  need  of 
protection.  It  is  still  under  MITI  licensing  control,  and  foreign  in- 
vestment in  the  sector  is  limited. 
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In  recent  years  considerable  attention  has  been  given  to 
developing  independent  naphtha  cracking  technology.  Over  the 
past  three  years  both  Mitsubishi  Petrochemical  and  Mitsui  Petro- 
chemical have  developed  their  own  proprietary  processes  for  naphtha 
cracking.  The  "Mitsubishi  ethylene  process"  has  been  exported  to 
China.  The  Mitsui  process  is  said  to  reduce  nitrous  oxide  (NO^) 
discharge  to  about  1/3  the  level  of  the  convention,  1 cracker. ^ 

This  is  also  an  area  in  which  MITI  sponsored  a big  project. 

This  project,  which  lasted  from  1967  until  1973  and  spent  approxi- 
mately thirteen  millioi  dollars,  had  the  goal  of  developing  processing 


methods  for  olefins  (ethylene,  etc.)  through  the  direct  cracking  of 
crude  oil.  This  development  was  apparently  unsuccessful 


But  Chiyoda  Chemical  Engineering  and  Kureha  Chemical  have  signed 
an  agreement  with  Union  Carbide  to  continue  the  development  of  a 
process  for  the  production  of  ethylene  by  the  direct  cracking  of 


crude  oil.  The  three  companies  are  jointly  undertaking  R&D  on  the 
process,  following  up  the  work  under  MITI  sponsorship. 


Fert  i 1 i zers 

After  World  War  II  fertilizer  was  given  the  top  priority  in 
the  rehabilitation  of  the  chemical  industry  in  order  to  secure  a 
sufficiency  of  food.  This  sector  had  been  well  developed  before  the 


war  The  Tokoshi  process  for  producing  ammonium  sulphate  had  been 

9 


developed  in  Japan  in  1929. 

By  the  late  1960's  Mitsui  Toatsu  Chemicals.  Inc.  was  collecting 

about  $5  million  annually  in  licenses  and  fees  for  its  fertilizer 
technology.  Its  processes,  used  by  55  plants  in  20  countries,  account 
for  one-third  of  total  world  production  of  urea  fertilizer.  U.S. 


clients  include  Borden.  Fluor,  and  Essor  Research  and  Engineering 


10 
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5.  Polymers:  Fibers  and  Plastics 

This  field  has  long  been  one  of  significant  Japanese  interest. 

Fiber  research  started  with  cellulose  (rayon)  in  1913.  Work  on  the 
development  of  synthetic  fibers  continued  during  the  pre-war  period 
and  culminated  in  the  independent  development  of  nylon  6 by  Hoshino 
of  Toyo  Rayon  just  prior  to  World  War  II.  It  is  interesting  to  note 
that  Mitsui  Bussan  Trading  Co.  provided  Toyo  Rayon  with  information 
on  Dupont's  nylon  66  in  1938.  which  helped  to  direct  Hoshino's  work. 

After  the  war  Toyo  Rayon  did  have  to  license  this  patent  for  nylon  6 
from  Oupon'  due  to  Dupont's  established  patent  position. 

Since  the  war  the  Japanese  have  imported  a great  deal  of  plastics 
technology.  Licenses  were  taken  out  with  such  firms  as  I.C.I.  (Imperial 
Chemical  Industries)  for  polyethylene  and  Montecatlni  for  polypropylene. 
Attention  was  first  given  to  PVC  (polyvinyl  chloride)  since  this  could 
be  produced  from  limestone  by  the  acetylene  process  with  a mercury 
catalyzer.'^  Asahi  Chemical  and  Dow  Chemical  built  the  first  poly- 
styrene plant  after  entering  a 50-50  joint  venture  in  1952.  Another 
close  relationship  has  been  between  Phillips  Petroleum  and  Showa  Denko. 
This  began  in  the  mld-1950's  with  the  licensing  of  Phillips'  high  density 
polyethylene  technology,  and  involved  a W ownership  of  Showa  Denko  by 

Phillips  in  addition  to  several  joint  ventures. 

Other  plastics,  including  teflon  and  acrylics,  were  introduced 
at  this  time.  Also  introduced  were  injection  molding  apparatus  and 
other  apparatus  for  handling  plastics  and  fibers. 

A great  deal  of  emphasis  has  been  given  to  polymer  chemistry 
in  both  industrial  and  university  sectors.  All  universities  in 
Japan  work  on  polymer  chemistry,  although  the  leaders  are  the  former 
imperial  universities  at  Tokyo.  Kyushu.  Kyoto.  Osaka,  and  Hokkaido. 

In  the  case  of  cellulose  chemistry.  Professor  Atsuki  at^Tokyo  and 
Professor  Kita  at  Kyoto  were  among  the  world's  leaders.  Professor 
Takayanagi  at  Kyushu  University  is  a world  leader  in  polymer  structure 
interpretation.  He  is  also  the  inventor  of  the  "Rheovibron"  instrument 
used  in  the  interpretation  of  visco-elastic  properties  of  polymers. 
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Today  Japanese  efforts  in  this  field  are  extensive  and  significant. 
Major  work  has  been  done  on  carbon  fiber,  the  fourth  major  synthetic 
fiber  following  polyester,  nylon,  and  acrylics.  Toyo  Rayon  has  de- 
veloped a high  performance  carbon  fiber  made  by  firing  polyacryloni- 
trile filament,  the  company's  own  invention,  at  more  than  2000'’C. 

It  has  been  marketed  under  the  trade  name  Torayca  since  August  1971, 
and  the  U.S.  Department  of  Defense  has  recently  offered  to  buy  500  tons 
per  year  for  use  in  military  aircraft.  Another  possible  application 
of  this  fiber  will  be  in  uranium  centrifuge  enrichment  devices. 

Toyo  Rayon  has  had  a mutual  technical  exchange  contact  with  Union 
Carbide  since  1970.  Several  oil.cr  Japanese  companies,  such  as 
Nippon  Carbon  and  Mitsubishi  Rayon  are  also  involved  in  research  on 

carbon  fibers. 

Another  area  of  significant  Japanese  interest  is  synthetic  pulp 
and  paper,  perhaos  in  large  part  due  to  Japan's  need  to  import  in  this 
area.  Mitsubishi  Rayon  has  a working  agreement  with  the  U.S.  company 
Hercules  on  the  development  of  synthetic  paper.  The  Eidai  Co.  has 
developed  a new  chemically  embossed  plastic  plywood,  which  involves 
subjecting  polyester  to  ultraviolet  and  electron  beam  bombardment, 
producing  a feel  and  appearance  almost  indistinguishable  from  the 
natural  product.'^  Mitsui  Petrochemical  and  Crown  Zellerbach  have^ 
entered  a joint  venture  to  produce  synthetic  pulp  from  petroleum. 

Japan  Synthetic  Paper  Co.,  a joint  venture  of  several  Japanese 
companies,  has  developed  a paper  made  of  polystyrene  film  treated 

. . L.  • 1 18 

with  ink-absorbing  chemicals. 

In  the  area  of  machines  to  handle  plastics,  the  Japanese  also  have 
developed  capabilities  of  their  own.  Mitsubishi  Heavy  Industries  is 
a leader  in  this  research.  They  are  developing  an  injection  molding 
machine  controlled  by  a minicomputer  and  two  types  of  high  cycle  in- 
jection machines  whose  mold  closing  forces  .-re  1200  tons  and  450  tons. 
Hissei  Plastic  Industrial  Co.  has  also  developed ^^nject ion  molding 
machines  very  efficient  in  the  use  of  materials. 

One  polymer  that  is  receiving  a good  deal  of  attention  in  Japan 
is  polyvinyl idene  fluoride.  Professor  Wade  and  Dr.  Fukada  of  Tokyo 
University,  respected  for  their  study  of  piezoelectric  materials. 


have  been  investigating  the  piezoelectric  properties  of  this  polymer. 
Kureha  Chemical  and  Pioneer  Electronics  in  a joint  development  and 
Matsushita  are  developing  potential  applications  to  loud  speakers  and 
other  acoustic  apparatus.  We  should  note  that  the  Japanese  have  long 
been  leaders  in  studying  the  piezoelectric  properties  of  substances. 
Eguchi  in  the  1920's  first  discovered  the  electret.  the  electric  analogue 
of  the  magnet.  The  material  he  used  was  a mixture  of  carnauba  wax  and 
resin.  Ceramics  have  been  the  main  piezoelectric  material  since  World 
War  II,  but  polyvinyl idene  fluoride  could  be  a major  development.  The 
Japanese  lead  in  the  development  of  piezoelectric  materials  and  devices 
is  reflected  in  the  U.S.  patent  data.  Japanese  scientists  received  76 
of  the  158  U.S.  patents  in  the  area  of  piezoelectric  compositions 
between  1963  and  1972.  and  21  of  the  3^  in  1972. 


6.  Industrial  Microbiology 

The  Japanese  have  long  relied  on  fermentation  processes  to  produce 
such  foods  and  beverages  as  sake,  soy  sauce,  and  soy  paste.  This  is 
perhaps  the  major  reason  the  Japanese  have  devoted  so  much  cV  tent  ion 
to  this  area,  and  have  become  the  world  leaders  in  this  field. 

In  the  1940's  and  I950's  with  advances  in  the  basic  understanding 
of  microorganisms  (microbes),  industrial  scientists  were  beginning  to 
manipulate  microbes  more  efficiently.  The  Japanese  were  quick  to 
apply  new  techniques  for  identifying  mutants  tc  industrial  production. 

The  early  leader  of  this  effort  was  S.  Kinoshita,  now  with  Kyowa 
Hakko  Kogyo  Ltd  He  followed  up  on  S.  Tada's  1954  discovery  that  ^ 
1-glutamic  acid,  a food  flavor  enhancer,  could  be  produced  by  bacteria. 

In  1957  he  discovered  a mutant  that  efficiently  produced  1-glutamic 
acid.  This  led  to  special  government  support  of  basic  research  oi 
amino  acid  f erment.n  i o 1 that  lasted  from  1957  to  1959-  Research  was 
effectively  organized  in  the  universities  and  government  research 
bodies,  the  literature  on  fermentative  production  of  amino  acids 
mushroomed,  and  several  new  bacteria  were  discovered  and  utilized 
industrial ly. 

Today  the  Japanese  have  the  world's  largest  amino  acid  industry. 
Most  1-amino  acids  are  now  commercially  available.  The  Japanese  produce 
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over  90^  of  the  world's  current  production  of  lysine  and  are  rapidly 

expanding  capacity.  This  is  used  as  a feed  additive,  and  demand  far 

outruns  supply.  The  Japanese  have  exported  lysine  technology.  One 

example  is  a recent  joint  venture  in  France,  equally  owned  by  Ajinomoto 

22 

Co.  and  Les  Products  Organiques  du  Santerre. 

More  recently  emphasis  has  been  placed  also  on  nucleotide  production, 
starting  with  flavor-enhancing  nucleotides  A great  deal  of  attention 
has  also  been  paid  to  single-cell  protein,  but  the  problems  of  toxicity 
and  the  recent  increase  in  oil  prices  have  set  this  effort  back. 

The  Japanese  have  also  used  fermentation  processes  to  produce  a 
variety  of  antibiotics.  H.  Umezawa  is  a leader  in  this  development, 
the  discoverer  of  several  new  antibiotics  and  other  medicinal  substances 
produced  by  fermentation.  In  195^  he  isolated  an  anti-tumor  anti- 
biotic, sarkomycin,  still  produced  today  only  in  Japan. 

In  a 1968  OECD  study  of  the  pharmaceutical  inaustry  only  one  of 

the  138  major  pharmaceutical  innovations  since  1950  was  attributed 

24  ... 

to  Japan:  the  development  of  Colist  in.  Their  choice  of  innovations 

probably  could  be  disputed,  and  this  is  not  an  accurate  indication  of 
present  capabilities.  For  example,  Fujisawa  Pharmaceutical  has 
licensed  nine  foreign  pharmaceutical  firms  to  produce  Cefazolin,  an 

25 

antibiotic  developed  by  Fujisawa  using  fermentation  techniques. 

Overall  the  Japanese  are  today  active  in  all  areas  of  industrial 
m i c rob i ol 0(|y . The  U.S.  patent  data  is  a good  indication  of  this.  The 
Japanese  obtained  287  out  of  1245  patents  granted  in  the  area  of  fer- 
mentation technology  in  the  3"year  period  ending  June  30,  1973  (see 
Table  30).  In  many  subareas  the  Japanese  match  the  U.S.  in  patents, 
trailing  seriously  only  in  the  area  of  fermentation  apparatus  where 
they  obtained  only  51  of  all  patents,  as  opposed  to  the  U.S.  90^. 

One  major  development  in  the  area  of  automatic  surveillance  and 
screening  of  microbe  cultures  has  recently  taken  place  in  Berkeley, 
California.  The  Cetus  Corp.  has  developed  an  automated  scanning 
apparatus  for  submerged  microbe  culture  that  will  eliminate  much  of 
the  tedium  involved  in  microbiological  investigations,  saving  a large 
aiTKJunt  of  labor  now  devoted  to  recognizing  mutants.  This  will  allow 
a much  more  rapid  development  of  more  useful  microbes.  The  Japanese 


have  shown  a great  deal  of  interest  In  the  apparatus.  The  Cetus  Corp. 
is  not  selling  any  licenses  on  the  apparatus,  and  it  will  be  interesting 
t"*  'vatch  how  long  the  Japanese  take  to  develop  a similar  machine  of 
their  own.  Because  of  increased  labor  costs  and  labor  shortages  there 
will  certainly  be  a large  incentive  to  develop  a similar  machine. 
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Table  30 

PROFILE  OF  ACTIVITY  IN  FERMENTATION  TECHNOLOGY 

The  following  profile  pertains  to  the  activity  of  the  United  States 
and  Japan  in  Class  195i  fermentation.  The  sub-areas  of  that  class  are: 


195A 

195B 

195C 

1950 

195E 

195F 

195G 

I95H 

1951 


Fermentation  of  carbohydrates 
Oxidative  or  reductive  fermentation 

Other  fermentation  processes  involving  products  which  do  not 
contain  a significant  amount  of  ferment  (see  A and  B) 

Processes  for  making  prefreed  enzyme  or  malt-containing, 
fungi-free  ferments 

Processes  for  making  living  fungi -conta i n i ng , malt-free  products 

Ferment  containing  products 

Other  fermentation  processes  (see  D and  E) 

Fermentation  apparatus 

All  other,  including  virus  and  animal  tissue  propagation, 
specialized  ferment  and  materials,  and  fermentation  analysis 
and  testing  processes 

SUB  UNITED 

flPKflS  STRTES- 


195B 

195B 

195C 

1950 
195E 
195F 
1956 
195H 

1951 


73 


61 


189 


115 

107 

88 

] 

55 

109 


224 


68 


163 


55 


52 


24 


24 


0.  15.52  0.  6*51 

Bar  length  represents  the  ratio  of  patents  issued  to  res idents  of  the 
indicated  country  during  the  three  years  ending  6/30/73  to  each  hundred 
total  patents  in  the  sub-area.  Number  within  or  beside  the  bar  repre- 
sents the  number  of  patents  in  the  sub-area  issued  to  residents  of  that 

country  during  the  three  year  period.  - r>  ..  nff 

SOURCE:  Technology  Assessment  and  Foveaast,  U.S.  Patent  Ottice, 

June,  197A. 
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E.  ELECTRONICS  AND  COMMUNICATIONS 


I.  Statistical  Overview 

This  sector  is  particularly  important  to  Japan's  increased 
emphasis  on  "knowledge  Intensive"  areas.  It  is  the  sector  that  is 
most  R6D  intensive,  as  measured  by  the  percentage  of  sales  going  to 
R6D,  in  1972.^  While  this  figure  is  still  well  below  the 

typical  8 to  10^  in  the  U.S.  industry,  it  has  been  increasing  over 
t Ime  (see  Table  31  ) • 

The  government  has  singled  this  sector  out  for  a great  deal  of 
attention,  as  we  will  see  below.  Only  on  July  1,  197^,  were  the 
remaining  restrictions  on  technology  import  and  on  the  manufacture 
under  license  of  computer  related  equipment  removed.  Foreign  invest- 
ment will  not  be  decontrolled  for  integrated  circuits  (iC's),  com- 
puters, Information  processing,  and  precision  instruments  until 
April  1,  1976,  after  which  time  100%  investment  will  be  permitted. 

It  is  also  an  industry  dominated  by  a handful  of  large  firms. 

The  seven  firms  capitalized  at  more  than  10  billion  yen  employed  50% 
of  the  researchers,  and  spent  65%  of  the  funds  allocated  to  R6D  in 
1972.  The  five  leading  firms  in  terms  of  R6D  expenditures  spent  105 
billion  yen  in  1972,  $70  million  per  firm.  In  the  examples  discussed 
below  the  names  of  only  a few  large  firms  will  occur  again  and  again: 
Hitachi,  Nippon  Electric  (NEC),  Tokyo  Shibaura  (Toshiba),  Matsushita, 
Sony,  and  Fujitsu.  The  five  largest  firms  spend  5-5^  of  sales  on 
R&D. 

Most  of  the  research  conducted  in  the  industrial  labs  is  oriented 
to  development.  Basic  research  accounts  for  7-5%  of  expenditures, 
applied  research  2^%,  and  development  68.5%. 

In  addition  to  the  private  sector,  there  are  also  three  public 
corporations  Involved  in  R6D.  These  are  Nippon  TsT  (NTT),  Kokusai 
Denshin  Denwa  (KDD  - International  Radio  and  Cable),  and  Nippon  Hoso 
Kyokai  (NHK  - Japan  Broadcasting  Corp.).  Each  has  associated  research 
laboratories  which  play  important  roles  in  communications  and  broad- 
casting, the  most  Important  being  NTT's  Electrical  Communications 
Lab  (ECL). 
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Table  31 

STATISTICS  ON  R6D  IN  ELECTRONICS  AND  COMMUNICATIONS 


Year 

Number  of 
Researchers 

Expend i tures 
on  R&D 

(Mi  1 1 iofi  Yen) 

Expend i ture/ 
Researcher 
(10,000  Yen) 

Expend i tures 
as  % of 
Sales 

1961 

5,850  (12.7) 

21,799  (13.3) 

373 

2.20 

1961« 

8,629  (11*. 6) 

31,137  (12.8) 

361 

2.56 

1967 

12,925  (15.8) 

55,467  (14.6) 

429 

2.60 

1969 

ll*,970  (15.9) 

93.366  (14.9) 

624 

2.91 

1970 

18,937  (17.0) 

129,845  (15.8) 

686 

3.06 

1971 

18,753  (16.6) 

131,656  (14.7) 

702 

3.64 

1972 

19,374  (15.5) 

164,926  (15.8) 

351 

3.94 

SOURCE:  R&D  in  Japan,  1973- 

Figures  in  parentheses  are  the  percentage  of  the 
corresponding  number  for  all  industries 
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In  the  research  institution  sector  there  were  1553  researchers 
specializing  in  electronics  and  telecommunications  in  1972.  Foremost 
here  is  Mill's  Comprehensive  Electronics  Laboratory  (formerly  the 
Electrotechnical  Laboratory  - ETL) , where  a great  deal  of  basic  and 
applied  research  has  been  carried  out,  from  the  construction  of  Japan's 
first  computer  in  the  I950's  to  coordination  of  Mill's  Pattern  In- 
formation Processing  System  Project  (PIPS)  today. 

The  university  sector  also  does  extensive  research  on  the  under- 
lying basic  physics  and  electrical  engineering.  Of  special  importance 
is  the  work  on  magnetic  properties  of  materials.  However,  researchers 
in  the  universities  suffer  from  lack  of  adequate  funding.  Equipment 
available  is  far  inferior  to  that  available  in  the  large  industrial 
labs.  This  may  be  an  important  factor  in  the  fact  that  Japan  has  not 
pioneered  in  the  development  of  new  solid  state  and  other  electronics 
devices . 

There  has  been  extensive  reliance  on  foreign  technology  in  this 
sector,  most  of  it  coming  from  the  U.S.  Relations  between  the  large 
Japanese  companies  and  their  American  counterparts  are  particularly 
exf^'Tsive  here. 

During  the  period  1950-I96i»,  there  were  333  type  A and  U type  B 
licensing  agreements  in  this  sector.^  This  pattern  has  continued  to 
the  present  time,  although  today  most  royalties  are  paid  for  basic 
patents  and  there  is  relatively  little  techrical  assistance  involved, 
except  for  military  and  space  applications. 

In  1972  there  were  9^  new  cases  and  A38  continued  cases  of  tech- 
nology import,  costing  888  and  16,887  million  yen,  respectively.  The 
U.S.  was  the  source  of  92%  of  these  imports,  and  Europe  accounted  for 
the  rest.  Japan  was  able  to  export  a significant  amount  of  technology, 
receiving  k,\QS  million  yen  for  new  cases  of  technology  export,  and 
8Al  million  yen  for  continued  cases.  Almost  all  of  this  technology 

went  to  less  developed  areas,  but  detailed  statistics  for  this  sector 
are  lacking. 

Today  Japan  has  developed  significant  R£D  capabilities  in  this  area 
as  we  will  see  below.  The  traditional  emphasis  on  consumer  electronics 
is  gradually  lessening,  and  in  the  future  Japan  will  place  far  greater 
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emphasis  on  industrial  electronics.  This  is  reflected  in  the  1972 
research  expenditures,  with  65,826  million  yen  ($220  million)  going 
to  consumer  electronics  and  81,236  million  yen  ($270  million)  going 
to  communications  and  electronics  equipment. 

One  statistical  Indication  of  Japanese  strength  is  U.S.  patent 
activity  of  Japanese  origin.  In  a whole  variety  of  subclasses  this 
activity  is  significant  and  in  many  rapidly  increasing  over  time. 

Many  of  the  patent  classes  listed  in  Table  24  (Section  II.G.)  are  in 
the  area  of  consumer  electronics.  The  Japanese  obtained  ^2%  of  1972 
U.S.  patents  for  electronic  musical  instruments,  40%  of  those  for 
magnetic  sound  recording  and  reproducing  structures,  222;  of  those  for 
color  television  components,  and  33“4  of  those  for  telephone  recording 
systems.  In  such  new  fields  as  holography  and  pattern  recognition 
systems  Japanese  activity  was  also  significant,  reflecting  the  im- 
portance given  to  research  in  these  fields  in  Japan. 

Let  us  now  take  a more  detailed  look  at  some  of  the  sub-areas  of 

this  industry. 

2.  Consumer  Electronics 

This  has  long  been  an  area  of  Japanese  technological  strength. 

The  Japanese  reputation  for  cleverly  exploiting  basic  technology 
initially  developed  abroad,  usually  with  significant  Improvement,  is 
supported  by  examples  taken  from  this  field. 

Perhaps  the  most  famous  example  is  the  development  by  Sony  of  the 
transistor  radio  in  the  1950' s.  The  transistor  had  been  developed  by 
Bell  Labs  and  the  technology  had  been  made  available  to  all  Interested 
parties.  Sony  licensed  the  technology  and  set  out  to  develop  a trans- 
istor suitable  for  radios,  devoting  essentially  all  the  R&O  capability 
of  the  small  firm  to  the  development,  and  of  course  succeeding. 

This  pattern  was  repeated  in  the  development  of  transistor 
technology  for  television.  Again  Sony  led  the  way  in  developing  the 
solid  state  TV.  More  recently  the  Sony  Trinitron  TV,  with  one  gun 
producing  all  three  primary  colors,  was  a major  development  in  color 

TV.^ 

Matsushita,  the  other  consumer  electronics  giant  in  Japan,  also 
started  out  by  making  use  of  foreign  technology.  The  company  obtained 
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most  of  its  postwar  technology  through  a Joint  venture  with  Philips  of 
Hclland  that  began  in  1952.^  This  tie-up  provided  access  to  much  of 
RCA's  patented  know-how  in  the  TV  area.  Today  Matsushita's  autoirated 
TV  manufacturing  facilities  are  the  most  advanced  in  the  world.  So 
confident  is  Matsushita  of  this  lead  that  RCA  engineers  have  been 
allowed  to  view  the  whole  operation.  And  Matsushita  has  been  able  to 
export  technology  to  the  U.S.  GE,  for  example,  has  bought  a license 
to  make  a cheaper,  more  efficient  zinc  oxide  semiconductor,  used  in 
high  voltage  stabilization  circuits  for  color  TV.  P.  R.  Mallroy  & Co. 
has  also  licensed  some  of  Matsushita's  ceramics  technology. 

The  two  Japanese  firms  also  pioneered  in  the  commercial  develop- 
ment of  video  tape  recorders,  although  the  market  for  these  instruments 
has  yet  to  develop. 

The  Seiko  watch  company  was  a leader  in  electronic  watch  develop- 
ment. In  1969  Seiko  introduced  quartz-crystal  oscillation  and  a 
complementary  metal  oxide  semiconductor  (CMOS)  frequency  divider  to 
provide  the  timing  device  for  a stepping  motor  driving  a conventional 
display.^  The  CMOS  devices  were  purchased  by  Seiko  from  Intersil 
Corp. , a U.S.  firm  and  one  of  the  largest  suppliers  of  CMOS  >.atch 
circuits.  Since  that  time,  the  U.S.  companies  have  come  to  dominate 
the  industry,  since  the  various  components  are  all  manufactured  here. 
However,  in  the  development  of  liquid  crystal  displays  for  electronic 
watches,  Japanese  technology  is  said  to  be  at  least  as  advanced  as 

g 

that  in  the  U.S. 

The  Japanese  have  long  b»aen  leaders  In  the  development  of 
acoustical  equipment.  Their  svrength  in  the  study  of  the  piezoelectric 
properties  of  materials  was  mentioned  above. 

Efforts  are  also  being  made  to  make  use  of  the  new  display  devices, 
in  particular  light  emitting  diodes,  for  the  development  of  panel  type 
TV  sets.  This  development  is  still  several  years  away,  with  progress 
needed  on  the  LED's  before  it  becomes  a reality. 

Finally,  the  Japanese  have  led  in  the  development  of  commercial 
microwave  ovens,  coming  up  with  the  improvement  necessary  to  make 
the  microwave  devices  economically  viable. 
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3.  Electronic  Components 

In  the  area  of  electronic  components  there  has  been  a technological 
gap  between  the  U.S.  and  Japan  throughout  the  post-war  period.  This 
gap  is  certainly  narrowing  as  we  shall  see  below.  The  Japanese  have 
had  to  pay  for  basic  foreign  patents  throughout  the  post-war  period, 
with  only  the  Esaki  tunnel  diode,  a development  of  limited  commercial 
importance,  being  discovered  in  Japan.  But,  unlike  the  case  of  com- 
puters, technical  assistance  in  this  field  has  been  very  limited. 

Almost  all  of  the  licensing  has  been  restricted  to  patents.  Mitsubishi 
did  license  some  of  TRW s high  frequency  device  technology  in  the  mld- 
1960's,  and  technical  assistance  was  involved.  In  the  late  1960's 
Sharp  licensed  custom  MOS  chip  technology  from  North  American  Rockwell, 
with  extensive  technical  assistance  involved.  But  these  have  been  the 
exceptions.  This  lack  of  technical  assistance  agreements  may  be  as 
much  a function  of  U.S.  firms'  unwillingness  to  take  part  in  such 
ventures  as  a lack  of  Japanese  desire  for  such  agreements. 

Patent  licensing  nol icy  has  been  quite  liberal  in  this  industry 
ever  since  Bell  licensed  its  basic  transistor  patents.  Since  Bell 
has  been  responsible  for  a far  disproportionate  share  of  basic  develop- 
ments from  the  transistor  to  the  charge  coupled  device  during  the 
post-war  period,  Bell's  policy  has  had  widespread  effect.  Fairchild 
and  North  American  Rockwell  have  also  had  liberal  licensing  policies, 
but  for  the  most  part  there  has  been  a reluctance  to  transfer  know- 
how, except  to  foreign  subsidiaries.  With  Japanese  government 
limitations  on  foreign  investment  in  this  sector,  there  has  been 
little  U.S.  penetration.  Texas  Instruments  in  1968  was  able  to 
use  its  patent  leverage  to  gain  a toe-hold  in  Japan  in  the  form  of  a 
50-50  joint  venture  with  Sony.  The  price  paid  was  the  licensing 
of  its  basic  1C  patents  to  all  Japanese  1C  manufacturers  for  a 
royalty  of  3.5^  of  sales  (Western  Electric  receives  2Z  and  Fairchild 
k.5%)  plus  market  restrictions  on  its  production  of  IC's  in  Japan 
(10%  of  the  market).'^  Tl  has  since  bought  out  Sony,  and  today  has 
15%  of  the  Japanese  1C  components  market,  a share  likely  to  increase 
because  of  its  greater  ability  at  solving  application  problems. 


The  fact  that  the  market  for  many  devices  in  Japan  is  captive, 
with  Hitachi  producing  for  Hitachi,  Fujitsu  for  Fujitsu,  and  NEC  for 
NEC,  does  mean  that  these  firms  do  not  face  the  variety  of  applications 
demanded  of  U.S.  firms  in  a "merchanr''  market.  Other  market  factors, 
such  as  the  greater  role  of  government  in  the  U.S.  market,  and  the 
greater  sophistication  of  the  U.S.  market,  have  also  played  a role  in 
technological  levels. 

In  the  U.S.  military  and  space  applications  have  necessitated 
advanced  components  research,  and  this  has  been  funded  at  a high  level. 
In  recent  years  industry  has  played  a greater  njle  in  supporting  new 
developments  in  this  country,  with  the  military  market  concentrating 
on  older  lines  like  dielectric  isolated  bipolar  devices.  In  Japan 
military  and  space  applications  were  unimportant,  and  most  of  the 
market  for  components  was  in  consumer  electronics  until  recently. 

The  emphasis  of  research  was  therefore  on  applying  existing  basic 
technology  to  these  applications.  Funding  of  RSD,  which  was  only 
2,S%  of  sales  in  the  mid-1960's,  did  not  allow  the  luxury  of  much 
basic  research. 

The  Jap-.nese  did  develop  improvements  in  imported  components, 
starting  with  Sony's  extension  of  the  frequency  range  of  the  transistor, 
but  lagged  in  all  the  important  innovations  in  components.  The 
companies  with  the  greatest  strength  in  components  research  are  the 
companies  (Hitachi,  NEC,  Fujitsu,  Toshiba,  Mitsubishi)  who  have  concen- 
trated on  industrial  electronics,  especially  for  communications, 
broadcasting,  and  computer  applications. 

HITI  and  other  government  ministries  have  played  a relatively 
small  role  in  terms  of  funding  RSD  in  this  area  until  recently.  In- 
tegrated circuits  have  been  kept  under  foreign  investment  controls, 
but  subsidies  for  research  on  basic  devices  have  been  small.  ETL 
and  ECL  have,  however,  been  leaders  in  basic  and  applied  research  on 
electronics  devices  throughout  the  post-war  period,  making  their 
results  available  to  all  interested  parties  for  further  development. 

MITI  presently  is  subsidizing  research  on  IC's  and  software  with  a 
3.5  billion  yen  budget.  This  includes  work  at  Hitachi  on  silicon  gate 
E/D  HOS  and  LSI,  at  Toshiba  on  CMOS  and  LSI,  at  NEC  on  a high 
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performance  linear  1C  for  industrial  use,  at  Mi tsubi shi -Oki  on  N 
channel  MOS-LSI,  and  at  Fuj i tsu-Sharp-Kyodo  Electronics  on  a linear 

1C  for  industrial  use. 

The  Japanese  do  tooay  have  advanced  capabilities  in  many  device 
areas.  This  is  indicated  by  increase  in  cross-licensing,  for  instance 
between  Tl  and  Fujitsu  in  the  area  of  1C  material  and  testing  tech- 
nology.’^ Cross  licensing  between  GE  and  Toshiba  is  extensive.  There 
has  been  also  a recent  joint  research  effort  between  GE  and  Toshiba 
which  resulted  in  the  development  of  a technique  for  the  high  density 
connection  of  IC's.’^  The  "semiconductor  thermoplastic  dielectric" 
process  will  have  applications  in  the  field  of  microwaves.  Such  de- 
velopments could  increase  in  the  future  as  a means  of  conserving  R6D 
expenditures  fc  both  parties. 

One  example  of  a backflow  of  device  technology  to  the  U.S.  occurred 
in  the  late  1960's  in  the  area  of  plated  wire  memories.  Singer 
Librascope  licensed  the  woven  wire  memory  developed  by  KDD  and  Toko 
Radio  Coil.  The  Japanese  had  not  pioneered  in  the  development  of 
plated  wire  memory.  Bell  had  developed  an  ROM  (read  only  memory) 
for  use  in  applications  where  a non-volatile  high  speed  memory  was 
necessary.  The  Japanese  carried  out  a unique  development,  hoping  to 
leap-frog  existing  core  memories.  Singer  Librascope  dropped  out  of 
the  development,  partly  because  of  cost  problems  and  for  unrelated 
financial  reasons.  Toko  does  still  produce  an  advanced  plated  wire 
memo-y,  but  the  hope  of  replacing  core  memory  was  never  realized. 

Most  applications  of  plated  wire  have  been  for  military  systems  where 
the  buyer  has  been  willing  to  pay  a premium  price. 

Today  Japanese  core  memories  are  also  at  world  levels,  reflecting 
their  abilities  in  magnetic  materials.  Toshiba  has  produced  some 
excellent  CMOS  chips. Several  Japanese  firms  have  indicated  an  in- 
terest in  licensing  North  American's  silicon-on-sapphire  (SOS)  tech- 
nology, indicating  a lag  in  that  device,  which  has  applications  in 

advanced  calculators. 

In  some  of  the  new  device  areas  whose  economic  significance  is  not 
yet  clear  the  Japanese  do  lag  the  U.S.  firms.  This  is  true  in  the 
development  of  both  magnetic  bubble  devices  and  charged  coupled 
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devices  (CCD's).  Basic  research  on  magnetic  bubbles  is  said  to  be  at 
U.S.  levels,  but  the  Japanese  have  lagged  in  development  of  the  devices. 
The  Japanese  si.mply  do  not  yet  have  the  R&D  resources  to  pursue  all  the 
new  device  areas  at  an  intensive  level. 

One  source  felt  a major  problem  in  the  development  of  computer 
memory  chips  in  Japan  was  the  lack  of  a computer  aided  systems  design 
capability.'^  Thus  the  Japanese  have  had  difficulties  in  selling  LSI 
memories.  Presently  U.S.  manufacturers  do  supply  about  a third  of 
the  Japanese  calculator  chip  market. 

Another  source  felt  that  the  technology  gap  had  been  closed  in 

many  areas,  especially  semiconductor  devices:  bipolar,  P-channel  MOS, 

and  N-channel  MOS,  but  that  the  Japanese  were  relatively  slow  in 

getting  their  development  work  into  production  and  incorporated  into 
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end  products.  This  slowness  was  attributed  to  the  slow  Japanese 
decision  making  process. 

In  the  area  of  display  technology  Japanese  work  on  liquid  crystals 
was  singled  out  as  an  area  to  watch  for  future  developments.  Toshiba's 
work  on  GaP  light  emitting  diodes  (LED's)  was  also  singled  out,  although 
earlier  in  the  development  of  LED's  the  Japanese  experienced  problems 

in  handling  the  materials,  GaP  and  GaAs,  and  had  to  pay  a premium  price 
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for  them  in  the  U.S.  NEC  has  also  done  extensive  work  on  GaP. 

The  Japanese  have  done  some  important  work  on  laser  devices.  Y. 
Nannichi  of  NEC  is  a leader  in  the  study  of  the  lifetime  problem  of 
(A2,Ga)As  injection  lasers.  Laser  work  in  Japan  is  generally  centered 
around  the  application  of  lasers  as  sources  in  optical  communications 
systems  and  for  optical  memories.  The  Japanese  at  such  places  as  NEC 
and  Fujitsu  are  not  trying  to  build  new  lasers  at  different  wavelengths 
or  with  novel  characteristics.  They  are  working  with  well  known 
materials  for  the  most  part,  and  work  on  applications.  NEC's  work  on 
LiTaO^  (lithium  tantalate)  Is  said  to  be  the  best  in  the  world.  The 
Japanese  have  developed  Nd-YAG  and  ruby  solid  state  lasers,  and  HeNe, 
HeCd , Ar  ion,  and  CO^  gas  lasers,  but  have  not  attempted  to  export 
these  devices  abroad. 
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Computers  and  Data  Processing 

a.  A Historical  Development.  As  Japan  sei  out  to  develop 
electronic  computers  in  the  early  1950's,  there  was  some  background 
to  call  upon.  Fuji  Electronic  had  built  a =mall  four  arithmetic  calcu- 
lator using  relays  in  19^1.  Nakajima  and  Hazawa  had  worked  on  the  use 

23 

of  Boolean  algebra  in  relay  contact  networks.  ^ 

Fujitsu  and  ETL  were  the  leaders  in  developing  computers  in  Japan. 
ETL,  in  a project  led  by  Professor  M.  Gato,  built  Japan's  first  relay 
computers,  and  Fujitsu,  which  cooperated  on  the  ETL  project,  produced 
the  first  commercial  relay  computer,  the  Facom  128A  in  195&. 

The  first  electronic  computer  built  in  Japan  was  built  by  B.  Okazaki 
of  Fuji  Film  Co.  in  1955,  a vacuum  tube  computer  used  for  the  design 
of  photographic  lenses. 

The  first  transistor  computer  appeared  in  July  1S56,  the  ETL  Mark 
III.  This  was  based  on  the  by-then  obsolete  point-contact  transistors, 
which  had  a high  failure  rate,  and  the  Mark  IV,  which  used  the  more 
reliable  junction-type  transistors,  was  completed  a year  later.  The 
Mark  IV  was  a decimal  computer  with  a magnetic  drum  memory  of  1000 
words.  This  was  the  prototype  for  several  commercial  computers,  in- 
cluding the  HITAC  301  Hitachi  and  the  NEAC  2201  and  2203  of  NEC. 

This  was  a period  where  ETL  and  the  other  Japanese  laboratories 
were  endeavoring  to  close  the  very  large  computer  gap  based  on  their 
own  efforts.  The  collaboration  between  university,  industry,  and 
government  labs  was  extensive  during  this  early  period.  The  full 
significance  of  computers  had  been  recognized  by  only  a few  people. 

A great  deal  of  basic  information  was  available  in  the  open  literature 
since  a great  deal  of  the  basic  research  was  being  done  in  U.S. 
universities,  such  as  Illinois,  Penn,  and  Harvard. 

The  Japanese  also  carried  out  an  independent  development  during 

this  period,  through  which  they  hoped  to  leap-frog  existing  western 
2k 

technology.  This  development  centered  around  the  parametron  device, 
discovered  in  195^,  a component  consisting  of  nonlinear  coils,  a 
capacitor,  and  a resistor,  and  driven  by  a special  modulated  high- 
frequericy  power  supply.  It  was  very  inexpensive  compared  to  transistor 
logic  a’ailable  in  the  late  1950's,  was  simple,  rugged,  and  reliable. 
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ECL  and  Fujitsu  cooperated  on  the  first  parametron  computer,  ECL's 
Musasino-I,  which  appeared  in  1957  and  was  the  prototype  for  the 
FACOM  201.  The  parametron  computer  received  a good  deal  of  attention 
from  other  Japanese  labs.  The  University  of  Tokyo  Physics  Department 
developed  a pair  of  experimental  parametron  computers,  partly  in 
collaboration  with  Fujitsu.  Hitachi  put  out  a commercial  model  of 
its  own,  the  HITAC  101  in  1959,  and  NEC  and  Tokoku  University  jointly 
built  the  NEAC  1102.  In  the  long  run,  the  large  power  requirements  of 
tile  parametron  and  the  decreasing  cost  of  transistors  and  IC's  doomed 
this  development.  But  it  does  give  insight  into  Japanese  thinking  in 
this  area. 

By  i960,  faced  with  IBM's  entry  into  the  Japanese  market,  the  price 
of  which  entry  had  been  the  licensing  of  its  basic  patents  to  Japanese 
firms  for  a 5%  royalty  and  limitations  on  its  growth,  the  Japanese 
firms  turned  to  licensing  agreements  with  U.S.  manufacturers.  Fujitsu, 
the  leading  Japanese  innovator,  was  the  only  exception,  never  entering 
a technical  assistance  agreement  with  a foreign  firm,  although  it  did 
license  basic  patents,  and  did  very  closely  follow  developments  in  the 
U.S. 

The  basic  tie-ins  during  the  1960's  involved  the  following  companies; 
Hitachi  with  RCA,  NEC  with  Honeyv/ell,  Mitsubishi  with  TRW,  Oki  with 
Sperry  Rand  (in  a 51"^9  joint  venture  - Oki-UNIVAC),  and  Toshiba  with 
G.E. 


Throughout  this  period  MITI  was  taking  an  active  role  in  the 
affairs  of  the  computer  industry,  which  it  recognized  as  being  crucial 
to  the  future  development  of  Japan.  This  role  is  described  in  detail 
in  Japan:  The  Government  Business  Relationship,  a U.S.  Department  of 

Commerce  report.  We  will  concentrate  on  technological  developments  here. 

The  first  joint  project  sponsored  by  MITI  during  this  period,  the 
FONTAC  project,  began  in  1962  and  ran  until  1965.  It  involved  the 
development  of  a commercial  system,  with  Oki  and  NEC  sharing  the  hard- 
ware development  and  Fujitsu  taking  the  software  responsibility.  It 
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was  said  to  be  reasonably  successful. 

By  1966  the  Japanese  felt  that  the  technological  lag  was  largest 
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in  the  area  of  large  scale  computers.  The  IBM  36O  series  had  been 
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introduced  and  MITI  decided  to  build  a large  scale  computer  as  one 
of  the  first  projects  in  the  National  R&D  Program.  ETL  had  overall 
responsibility  for  the  project,  and  all  of  the  Japanese  computer 
companies  took  part.  Thirty-three  million  dol'ars  was  spent  over  a 
six-year  period  starting  in  1966,  and  the  project  was  successfully 
completed  in  June,  1972,  only  slightly  behind  schedule.  The  first 
two  years  were  spent  on  overall  system  design  and  development  of  the 
required  components,  such  as  high-speed,  medium  scale  integrated 
circuits  (MSI).  Hitachi  was  chosen  as  the  main  contractor  in  1968. 

NEC  and  Fujitsu  aided  with  the  main  hardware  and  system  software  de- 
velopment. Toshiba,  Oki,  and  Mitsubishi  were  involved  with  various 
peripheral  devices,  such  as  optical  card  readers,  and  other  I/O  devices. 
Hitachi  build  the  disk  memory. 

This  project  allowed  the  various  companies  to  gain  a good  deal  of 
experience  in  advanced  computer  technology.  The  resulting  system 
compared  favorably  with  the  IBM  370/165  system  in  speed  and  capacity, 
and  incorporated  features  not  then  available  on  IBM  machines  such  as 
virtual  memory  and  mu  1 1 i -process ing.  The  system  architecture  was 
chosen  to  be  compatible  with  the  IBM  system  360.  Hitachi  has  sold 
several  of  the  commercial  versions  of  this  computer,  the  HITAC  8700/8000 
system,  in  Japan,  especially  to  government-related  institutions  like 
the  University  of  Tokyo.  The  large-scale  end  of  the  Fujitsu  230  series, 
the  230-75.  presumably  also  benefited  from  Fujitsu's  experience  in  the 
project.  This  is  said  to  be  the  most  powerful  computer  available  in 
Japan . 

Clearly,  the  MITI  project  did  develop  a significant  system.  It 
did  not  exceed  advanced  U.S.  s/stems,  and  it  is  impossible  to  tell  how 
much  was  learned  from  the  ongoing  agreements  with  U.S.  firms.  For 
instance,  how  much  had  Hitachi  learned  from  RCA  about  virtual  memory? 

It  was  developed  too  late  to  gain  a significant  market  share,  but  it 
may  have  succeeded  in  all  but  closing  the  technology  gap  at  the  large- 
scale  end  of  the  computer  line.  The  FuJ i tsu-Amdahl  Joint  development 
mentioned  below  may  close  the  gap  completely.  Some  have  called  it  a 
mistake  to  place  such  great  emphasis  on  the  large-scale  computer  since 
the  market  is  limited  and  the  competition  severe.  But  the  Japanese  hope 
that  rhe  long-term  payoff  in  technological  progress  will  be  great. 


no 


Concurrent  with  the  MITI  project,  NTT  was  sponsoring  the  DIPS 
(Dendenkosha  (NTT)  Information  Processing  System)  project.  ECL  was 
the  coordinator  of  the  project,  and  Fujitsu,  Hitachi,  and  NEC  took 
part  in  the  joint  development  starting  in  I969.  Three  sets  of  DIPS-I 
hardware,  compatible  at  the  machine  language  level,  were  produced  by 
1971,  and  software  development  for  the  NTT  data  communications  network 
began  then.  A great  deal  of  what  was  learned  on  the  MITI  project  was 
incorporated  into  the  NTT  project,  but  the  first  version  of  the  system 
did  prove  unsatisfactory  in  terms  of  cost,  so  the  three  companies  in- 
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dependent ly  went  back  to  the  drawing  board  to  work  on  DIPS-II. 

Fujitsu  has  apparently  been  able  to  increase  speed  by  a factor  of  2.5 
over  DIPS-I.  DIPS-II  is  targeted  to  go  into  service  in  late  1976,  and 
will  incorporate  NMOS  main  memories.  The  software  for  the  DIPS-I 
version  was  said  to  be  at  the  level  of  MULTICS,  IBM's  VS2/TS0,  or 
Burroughs'  MCP.  It  includes  time-shared  management  and  inventory- 
control  systems.  It  will  be  Interesting  to  monitor  this  development, 
a fairly  advanced  application  where  troubles  are  not  unexpected.  It 
will  be  a good  indication  of  Japanese  software  capabilities. 

In  1971  Hitachi  and  Fujitsu  began  moves  toward  greater  cooperation 
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in  computer  development,  manufacturing,  and  marketing.  Aside  from 
agreeing  that  their  next  hardware  generation  will  be  compatible,  there 
is  little  indication  of  any  more  extensive  cooperation  in  R&D.  It 
will  be  interesting  to  watch  how  this  relationship  develops.  Figure  7 
displays  the  present  structure  of  the  Japanese  industry  and  its  ties 
to  the  world  industry. 

MITI  has  sponsored  the  rationalization  of  the  industry,  en- 
couraging cooperation  between  the  members  of  the  three  combines, 

Fuj i tsu-Hi tachi , NEC-Toshiba,  and  Oki-Mi tsubishi . The  greatest  co- 
operation is  in  the  final  group,  with  Sperry  Rand  playing  an  important 
role  in  this  effort. They  have  jointly  developed  a large  scale  computer, 
Cosmo  700,  to  compete  with  the  IBM  370/1^5-  The  NEC-Toshiba  joint  de- 
velopment, the  ACOS  series  77,  models  200,  300,  and  400,  are  quite 
similar  to  the  Honeywell  200--unsurpr i s i ng 1 y since  Honeywell  has  had 
licensing  arrangements  with  both  NEC  and  Toshiba. 

MITI  continues  to  subsidize  the  development  of  the  next  computer 
series  which  will  use  LSI  current  mode  logic  and  MOS  memory  technology. 
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The  hope  is  that  this  generation  will  be  competitive  with  U.S.  com- 
puters, especially  IBM's. 

A major  development  at  the  large  scale  end  of  the  4th  generation 
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computers  is  the  Amdahl -FuJ i tsu  joint  development.  Fujitsu  had  long 
observed  the  U.S.  market,  sending  engineers  periodically  on  extended 
visits  to  observe  the  U.S.  computer  developments.  When  Amdahl  decided 
to  establish  his  own  company  in  order  to  build  a super  computer  using 
the  latest  LSI  technology,  Fujitsu  (and  also  Nixdorf  of  West  Germany) 
made  significant  financial  contributions  to  the  effort,  basically  to 
obtain  the  Amdahl  version  of  LSI  bipolar,  emitter-coupled  logic  used 
in  the  CPU  of  the  Amdahl  470  computer. 

Today  this  relationship  has  grown  with  Fujitsu  now  taking  over 
the  manufacturing  of  90^  of  the  hardware  and  helping  to  specify 
characteristics  of  the  system,  including  virtual  memory  and  multi- 
processing. Thirty  Fujitsu  engineers  are  resident  in  Sunnyvale, 
California,  working  on  the  joint  development.  The  first  computers 
are  due  on  the  American  market  at  the  end  of  the  year.  Clearly, 
Fujitsu  has  gained  some  advanced  technology  in  this  development. 

Some  peoplo  again  dispute  whether  it  was  worth  the  cost. 

b.  Present  Capabi 1 ities.  In  trying  to  assess  Japanese  capa- 
bilities today  one  runs  into  the  maze  of  licensing  agreements  between 
Japanese  and  U.S.  firms.  It  is  clear  that  many  Japanese  developments 
are  either  directly  based  on  that  experience  or  are  follow-up  efforts. 
American  computer  scientists,  when  they  visit  Japan,  notice  great 
similarities  to  U.S.  machines,  even  for  those  machines  supposedly  in- 
dependently developed.  For  example,  Hitachi  produces  a drum  plotter, 
essentially  identical  to  the  Calcomp  565  plotter,  though  said  to  be  a 
Hitachi  development.  Fujitsu's  plasma  display  is  much  like  that  of 
Owens-Illinois,  and  Hitachi  makes  a CRT  display  similar  to  the  Univac 
1558  display. 

An  example  of  an  area  where  the  Japanese  trail  is  in  the  develop- 
ment of  magnetic  disk  memories.^  In  the  late  1960's  both  Hitachi 
and  Toshiba  took  out  IBM  licenses  on  its  disk  memory,  the  2311  and 
2314.  Toshiba  ran  into  problems  in  meeting  the  tolerances  on  the 
rack  and  pinion  system,  basically  due  to  material  problems,  and  also 
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problems  getting  the  aluminum  oxide  coating  smooth  enough.  Hitachi 
was  more  successful  and  did  capture  a significant  share  of  the  market, 
Toshiba  dropped  out  after  producing  about  1000  machines.  However,  by 
the  time  these  developments  were  complete,  IBM  had  come  out  with  its 
next  generation  machine,  the  3330.  Only  recently  Hitachi  announced 
that  in  1975  a disk  memory  with  a 200  million  byte  capacity  per 
spindle,  the  same  capacity  as  the  IBM  3330-11,  will  be  marketed. 

Thus  it  is  clear  that  the  Japanese  still  lag  in  this  device. 

A good  deal  of  attention  has  been  given  in  Japan  to  developing  I/O 
devices  for  handling  the  Japanese  language.  This  is  one  of  the  goals 
of  the  PIPS  project  discussed  below.  This  problem  seems  to  have  been 
left  to  the  Japanese.  The  extent  of  IBM  Japan's  involvement  is  unclear, 
although  it  may  be  significant.  MITI  has  subsidized  such  efforts  as 
the  development  by  Mitsubishi  of  a high  performance  Chinese  character 


printer  that  will  appear  next  year  after  software  development  by 
Nippon  UN  I VAC. 


In  the  hardware  for  the  smaller  computer  systems  the  Japanese 
seem  to  be  quite  competitive  until  one  gets  to  the  microprocessors, 
where  LSI  components  play  a large  role.  Such  middle  level  systems  as 
the  FACOM  230-25  sell  very  well  in  Japan. Oki  Electro's  OKITAC  14300C 
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is  the  leading  minicomputer  on  the  Japanese  market,  and  the  Toshiba 


TOSBAC  ^0  series  also  is  worthy  of  note,  particularly  for  the  large 
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number  of  applications  packages  available  with  the  series.  The 


Japanese  have  lagged  somewhat  in  the  development  of  microprocessors. 


although  Mitsubishi  plans  to  introduce  a microcomputer  next  year  com- 


parable to  the  Intel  8080.^^  This  wi 1 1 use  a high  speed  (2  ns)  1 chip 


CPU,  using  N channel  MOS-LSI  technology.  Toshiba  has  already  intro- 


duced a microcomputer,  the  TLCS-12,  which  is  also  said  to  be  comparable 
L] 

to  the  Intel  8o80. 


Most  peripheral  devices  seem  to  be  very  dependent  on  U.S.  develop- 
ment, and  there  is  presently  no  indication  that  the  Japanese  have  pushed 
ahead  in  any  area,  with  the  possible  exceptions  of  holographic  memory 
and  of  magnetic  recorders  and  magnetic  tape,  where  the  Japanese  have 
long  excelled  on  the  consumer  electronics  side.  The  development  of  a 


holographic  memory  by  Fujitsu  with  the  help  of  a MITI  subsidy  was  the 
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first  of  its  kind  when  announced  late  last  year.  This  is  used  with 
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the  FACOM  230-25  system.  Its  economic  significance  is  not  clear,  but 
it  does  indicate  the  high  level  of  research  into  holography  in  Japan. 

The  Japanese  seem  to  have  fairly  ready  access  to  many  U.S.  periph- 
eral developments,  possibly  because  of  the  small  size  and  intense  com- 
petition between  U.S.  firms  in  this  area.  Ok*  Electric  Overseas  has 
acquired  rights  to  the  nonimpact  printer  developed  by  Electroprint,  a 
Cupertino,  California,  research  firm,  and  has  a 50^  interest  in  Okidata, 
the  Morristown,  New  Jersey,  firm  which  has  acquired  Bridge  Data  Products 
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and  the  computer  memory  division  of  Applied  Magnetics. 

In  the  area  of  systems  software  the  Japanese  capabilities  are  un- 
even.This  is  partly  due  to  manpower  problims.  The  Japanese  simply 
do  not  have  the  number  of  systems  programmers  available  to  produce  the 

variety  of  software  available  in  the  U.S.  We  have  been  told  of  one 

i c _ 

example  of  a backflow  of  technology  in  this  area.  RCA,  just  before 
it  went  out  of  the  computer  business,  did  attempt  to  pull  out  the  small 
scale  end  of  its  computer  series  by  making  use  of  a Hitachi  OS,  which 
RCA  modified  and  turned  into  RCA's  OS/70.  It  is  interesting  to  note 
that  at  that  time  (1970-71)  the  Hitachi  OS  supported  a smaller  number 
of  device  combinations  than  the  RCA  OS.  The  Japanese  tended  to 
standardize  on  a given  combination,  probably  hoping  to  cut  down  soft- 
ware costs,  but  possibly  also  giving  less  variety  to  customers.  This 
tendency  to  standardize  has  also  been  a characteristic  of  the  large 
scale  computer  projects. 

In  the  use  of  virtual  memory  and  multiprocessing  Japanese  capa- 
bilities seem  to  be  significant,  and  overall  their  batch  operating 
systems  are  up-to-date. 

In  the  area  of  time  sharing  systems  the  Japanese  have  had  problems. 
Part  of  this  has  been  attributed  to  Japanese  communications  laws  and 
the  attitude  of  NTT,  which  put  restrictions  on  the  use  of  telephone 
lines  for  data  communication.^^  This  was  ended  in  1972,  and  in  1973 
after  changes  in  the  NTT  switching  system  were  made,  private  commercial 
time  sharing  bureaus  began  to  operate.  As  mentioned  earlier,  NTT 
presently  is  working  to  upgrade  its  time  sharing  capabilities.  It 
presently  offers  the  DEMOS  scientific  and  engineering  time  sharing 
service,  which  will  be  upgraded  by  the  DIPS  project  systems.  NTT  also 
uses  its  system  to  provide  a car  registration  and  inspection  network  to 


the  Ministry  of  Transportation.  A future  nationwide  banking  network, 
being  developed  by  Fujitsu  in  cooperation  with  NTT,  will  be  as  sophi- 
sticated as  those  available  elsewhere.  One  should  also  note  that  less 


familiarity  with  keyboards  in  Japan,  usually  the  major  I/O  device  in  time 
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sharing  systems,  is  also  a major  problem  in  developing  time  sharing. 
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There  are  several  other  interesting  computer  systems  operating 
in  Japan,  a few  as  advanced  as  available  anywhere.  The  University  of 
Tokyo's  double  HITAC  87OO/88OO  system,  operating  since  early  1973  and 
used  for  scientific  research,  is  an  extremely  powerful  system.  Two 
IBM  360/50  computers  play  an  integral  role  in  the  operation  of  NHK. 
Together  with  two  IBM  I8OO  process  control  computers  and  several  IBM 
2250  interactive  displays  with  light  pens,  the  computer  schedules  and 
controls  virtually  all  their  main  broadcast  equipment.  IBM  has  certainly 
played  a major  role  in  developing  computer  applications  in  Japan, 
another  example  being  Japan  Ai r 1 ines' seat  reservation  system,  but  a 
great  many  interesting  applications  involve  the  Japanese  companies. 

Process  control  is  becoming  increasingly  important  in  industry, 
with  such  companies  as  Nippon  Steel  and  Toyota  Machine  Works  making 
extensive  use  of  process  control  computers  in  their  operations. 

Mitsubishi  has  been  using  minicomputers  to  schedule  and  control  ele- 
vators in  some  large  hotels. 

Some  of  the  most  interesting  computer  applications  in  Japan  are 


in  the  area  of  traffic  control.  JNR's  COMTRAC  system  has  completely 
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automated  the  operations  of  the  famous  bullet  trains.  Hitachi  is 
responsible  for  the  computer  system.  In  the  area  of  road  traffic 
control,  the  Japanese  are  said  to  be  world  leaders.^  Professor  H. 

Inose  of  Tokyo  University  has  been  the  leader  in  the  development  of 
the  Tokyo  traffic  control  system,  with  NEC  serving  as  the  main  sub- 
contractor. The  system  is  said  to  be  more  advanced  than  any  available 
in  the  U.S.  However,  the  problems  are  also  much  more  severe,  with  a 
much  higher  ratio  of  cars  per  mile  of  road  in  Japan.  The  priority 
given  to  road  traffic  control  in  Japan  is  indicated  by  the  fact  that 
MITI  started  a big  project  in  this  area  in  1973.  U.S.  interest  in  this 
development  is  indicated  by  the  fact  that  the  Department  of  Transportation 
is  paying  for  the  translation  of  loose's  and  T.  Hamada's  book  on  road 
traffic  control . 
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c.  Artificial  Intelligence  and  Pattern  Recognition.  The  mos t 
significant  Japanese  effort  in  computer  applications  at  the  present 
time  IS  in  the  area  of  artificial  intelligence  and  pattern  recognition. 
The  latest  MITI  big  project  in  the  computer  area  is  the  Pattern  Infor- 
mation Processing  System  (PIPS)  project. This  has  received  the  highest 
funding  of  any  MITI  project,  35  billion  yen  ($117  million)  over  the 
seven~year  (1971“19?8)  period.  This  is  the  largest  government  RSD 
project  ever  undertaken  outside  the  fields  of  nuclear  energy  and  space. 
Its  overall  goal  is  to  give  the  Japanese  a lead  in  at  least  the  applied 
areas  of  artificial  intelligence.  Dr.  H.  Nishino  of  ETL  directs  the 
project,  which  has  5 specific  goals:  (1)  recognition  of  2000  printed 

characters  at  a rate  of  1 page  per  second,  including  Chinese  char- 
acters, (2)  recognition  of  3~D  objects,  (3)  recognition  of  pictures, 

(^)  recognition  of  voice,  and  (5)  recognition  of  sentences.  These 
capabilities,  once  developed,  will  be  incorporated  into  robots  and 
other  systems  for  industrial  use.  Clearly,  a good  deal  of  emphasis 
is  being  given  to  the  peculiarly  Japanese  problem  of  handling  their 
complex  written  language.  Figure  8 shows  a partial  organization 
chart  of  the  project.  Industry  is  expected  to  contribute  28  billion 
yen,  so  that  the  total  effort  involves  expenditures  of  more  than  $200 
million.  Basic  research  in  all  areas  of  pattern  recognition  is  going 
on  at  ETL,  ECL,  and  also  some  university  labs,  although  the  connection 
of  university  people  to  the  project  is  apparently  informal.  Dr.  T. 

Itakura  of  ECL  is  a leader  in  the  area  of  speech  processing,  and  the 
work  in  this  area  is  at  U.S.  levels.^^  The  Japanese  seem  to  follow 
the  lead  of  MIT  and  Stanford  very  closely,  perhaps  because  so  many 
of  them  were  educated  there,  and  thus  far  no  significant  contributions 
have  been  made  to  the  major  software  or  theoretical  aspects  of  arti~ 
ficial  intelligence.^  The  emphasis  is  on  industrial  applications. 

There  are  already  several  interesting  Al  applications  in  Japan. 

The  greater  flexibility  of  the  labor  force  may  allow  (and  the  current 
labor  shortage  may  induce)  the  rapid  introduction  of  many  labor- 
replacing devices.  Optical  Character  Recognition  has  been  used  since 
1971  in  Japanese  postal  systems. The  system,  developed  by  NEC, 
recognizes  the  equivalent  of  a zip  code,  cancels  and  routes  the 
letter  to  the  appropriate  post  office,  with  only  occasional  human 
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Organization  of  the  PIPS  project  (incomplete) 
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intervention.  20,000  to  30,000  pieces  of  mail  are  processed  each 
hour. 

The  Japanese  have  developed  several  interesting  robots.  One  dis- 
played in  197^,  the  Hi-T-Hand  Expert  1,  built  by  Hitachi,  has  received 
considerable  attention.  It  has  two  hands  and  can  insert  pistons  into 
cylinders  (a  20  micron  clearance)  more  quickly  and  mo*'e  deftly  than 
can  be  done  by  human  hands.  Other  Japanese  robots  have  been  reviewed 
by  J.  Gleason  in  Siaavt  Neuwlrttcv,  April  1973. 

d.  Concluding  Remarks.  Overall  Japanese  computer  and  information 
processing  capabilities  still  lag  behind  those  of  the  U.S.  Many  peoph 
in  the  industry  are  apprehensive  about  the  end  of  foreign  investment 
controls  in  1976.^^  They  fear  Japanese  users  may  turn  to  U.S.  companies 
to  get  answers  to  their  information  processing  problems.  The  U.S. 
companies  will  have  greater  experience  because  of  dealing  with  the  more 
sophisticated  U.S.  market.  The  Japanese  will  have  hardware  that  will 
be  competitive  in  performance,  if  not  cost.  Software  will  continue  to 
be  a problem.  The  flow  of  technology  will  continue  to  be  one-sided. 

But  It  is  unlikely  that  changes  will  come  abruptly,  and  tlie  computer 
industry  in  Japan  will  continue  to  be  subsidized  by  the  government  and 
by  the  more  profitable  divisions  of  the  large  electronics  firms  for  the 
foreseeable  future. 

5.  Communications 

The  Japanese  today  have  advanced  capabilities  in  all  areas  of 
communications  including  data  and  optical  communications.  The  extent 
of  historical  dependence  on  imported  technology  has  been  difficult  to 
separate  from  other  electronics  areas,  so  we  will  concentrate  on 
relatively  recent  developments.  It  is  likely  that  the  dependence  on 
foreign  technology  is  less  here  than  in  other  electronics  areas.  One 
indication  of  Japanese  strength  is  the  U.S.  patent  activity  in  the 
areas  of  telegraphy  and  telephony.  The  Japanese  also  clearly  have  a 
telephone  system  that  far  exceeds  the  European  systems,  and  is  second 
in  the  world  to  the  Bell  system. 

NTT  has  been  developing  much  of  its  own  hardware  since  the  war, 
in  cooperation  with  the  major  electric  firms,  NEC,  Fujitsu,  Hitachi, 
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and  Oki.^^  In  I95A  its  first  electronic  switching  system  (ESS)  using 
wired  logic  and  parametrons  for  control  elements  was  designed.  The 
first  major  change  came  in  1961<,  when  the  DEX-1  system,  featuring 
stored  program  control  was  begun.  The  most  recent  commercial  version 
of  ESS  is  D-10,  which  has  a main  memory,  using  ferrite  core  and  plated 
wire,  and  an  inexpensive  drum  memory.  It  provides  abbreviated  dialing, 
automatic  transfer,  conference  calling,  and  call  waiting,  plus  the 
ability  to  operate  with  video  and  data  communications  services.  The 
system  can  handle  30,000  subscriber  lines  and  began  service  in 
December,  1971. 

NTT,  in  cooperation  with  industry,  has  also  developed  advanced 

eg 

data  communications  systems.  By  1972  NTT  could  offer  a wide  range 
of  signalling  rates:  50,  100,  200,  1200,  l400,  and  4800  bits/sec 

using  voice  channels.  NTT  also  offered  a 48K  bit/sec  wide  band,  data 
transmission  system,  using  VSB  AM  modulation.  The  modems  that  inter- 
face the  digital  equipment  and  the  telephone  lines  were  developed  in 
Japan.  They  do  in  some  cases  use  American  components.  North  American 
Rockwell  has  sold  MOS  devices  to  NEC  for  use  in  high  speed  modems. 

Codex  Co.  of  the  U.S.  has  built  the  highest  speed  (9,600  bits/sec) 


But  NTT  should 


audio  data  transmission  system  operating  in  Japan. 
soon  have  a similar  system. 

NTT  is  also  developing  a multiplexed  data  transmission  system, 
the  DDX-1,  scheduled  for  service  in  1976.^^  This  will  electronically 
switch  lines  in  a time-shared  manner. 

In  the  late  1960's  NTT  and  NEC  were  leading  the  world  in  the 
development  of  point-to-point  free  space  communications.^'  This 
approach  to  optical  communications  was  dropped  when  it  became  clear 
optical  fiber  communications  were  more  likely  to  provide  the  high 
density,  short  range  communications  capability.  The  market  for  a 
commercial  optical  communications  system  would  be  enormous,  and  so 
this  has  received  heavy  emphasis.  Japanese  work  on  optical  communi- 
cations via  fibers  is  first  rate,  and  is  often  singled  out  as  something 
to  watch.  Nippon  Sheet  Glass,  in  cooperation  with  NEC  (both  are 
members  of  the  Sumitomo  group),  has  developed  the  SELFOC  optical  fiber, 
which  received  a good  deal  of  attention.  Its  chief  virtue  is  a lack 
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of  dispersion  of  the  wave  pulse.  But  attenuation  is  stiii  a probiem. 
Corning  Giass  and  Beii  have  developed  optical  fibers  with  much  iower 
ioss,  some  as  iow  as  i.2  db/km.  One  source  feit  that  while  the 
Japanese  optical  communications  work  was  very  good,  they  wili  have 
great  difficuity  competing  with  the  American  giants  like  Beil.  It  is 
an  area  to  be  closely  watched,  although  commercial  systems  are  several 
years  away. 

Japanese  industry,  in  cooperation  with  NTT,  NHK,  and  KDD,  has  also 
developed  pulse  code  modulators  with  advanced  capabilities.  Of  special 
note  is  the  Fujitsu-KDD  PCM  TOMA  satellite  communications  system. 

This  is  among  the  most  efficient  of  all  international  satellite  com- 
munications systems. 
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F.  Space 

In  developing  their  space  program  the  Japanese  chose  to  take  an 
independent  course  until  the  late  1960's  when  the  decision  was  made 
to  seek  U.S.  technical  assistance  so  that  Japan  could  take  part  in 
the  important  applications  of  the  1970's,  all  of  which  require  geo- 
stationary satellites.  The  eventual  goal  is  still  very  clearly  tech- 
nological independence,  and  the  presert  joint  efforts  are  aimed  at 
raising  Japanese  technological  levels. 

Through  the  late  1950's  and  early  1960's  the  Japanese  space 
program  was  funded  at  a very  low  level.  In  1961  the  government  budget 
was  only  513  million  yen,  which  was  .2Z  of  total  R&D  spending  in  Japan 
that  year.  The  total  space  budget,  government  and  industrial,  grew 
to  23  billion  yen  in  1971  and  31.5  billion  yen  in  1972,  but  this  is 
still  only  1.8%  of  total  R6D  expenditures  in  1972.'  In  1973  and  1971* 
the  government's  space  budget  continued  to  Increase  rapidly,  reaching 
52.2  billion  yen  in  197^  (see  Table  11). 

With  funding  at  such  a low  level  results  were  also  meager.  Through- 
out the  period  university  involvement  has  been  very  strong  in  the 
rocket  development  program.  The  Institute  of  Space  and  Aeronautical 
Science  at  Tokyo  University  coordinated  rocket  research,  producing  a 
series  of  sounding  rockets  in  the  1960's,  that  culminated  in  the  launch 
of  Japan's  first  satellite,  Osumi,  on  February  11,  1970.  All  of  the 
Japanese  rockets  were  multi-stage  solid  propellant  type.  The  rocket 
that  launched  Osumi  was  the  last  of  the  lambda  series,  the  L-AS-5,  a 
A-stage  solid  propellant  rocket.  The  first  Tokyo  University  scientific 
measurement  satellite,  the  Shinsei  (New  Star),  was  launched  in 
September,  1970,  with  the  4-stage  mu  rocket,  the  MU-4S-3,  a solid  fuel 
rocket  with  a lift-off  thrust  of  187,000  lbs.  The  Shinsei  weighed 
70  kg. 

The  rocket  development  fell  far  behind  schedule  in  the  late  1960's, 

2 

and  by  1970  Japanese  goals  were  scaled  down.  The  original  goal  of  a 
self-developed  rocket  with  700,000  lb.  of  lift-off  thrust  by  1974  was 
changed  to  an  "N"  rocket  with  170,000  lb.  lift-off  thrust,  developed  by 
1975  with  U.S.  technical  assistance.  This  rocket  with  strap  on  boosters 
will  have  the  capability  of  placing  approximately  100  kg.  in  geosynchronous 
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orbit,  about  the  same  as  the  U.S.  Saturn  II.  The  "N"  rocket  project 
has  involved  a large  amount  of  technical  assistance  from  such  U.S. 
firms  as  McDonnell  Douglas  and  North  American  Rockwell.  The  Thor 
Delta  guidance  control  system  has  been  made  available,  as  well  as 
Thor  Delta  first  stage  technology.  The  "N"  rocket  will  be  the  first 
Japanese  rocket  using  liquid  fuel  in  the  first  two  stages. 

Guidance  control  was  apparently  one  of  the  major  reasons  for 
Japanese  failures  in  the  late  1960's.  Japanese  university  scientists 
were  apparently  very  conscious  of  the  military  applications  of  this 
technology,  and  its  development  was  very  slow.^  The  fact  that  the 
Defense  Agency  was  excluded  from  the  space  program  also  slowed  develop- 
ment. There  apparently  was  greater  expertise  at  the  Defense  Agency  on 
both  liquid  propellants  and  guidance,  due  to  previous  U.S.  military 
assistance  programs. 

Another  major  problem  was  lack  of  coordination  in  the  limited 
effort.  The  organization  chart  for  the  Space  Program  (Figure  9) 
shows  the  large  number  of  government  agencies  involved.  On  the  in- 
dustrial side  the  effort  was  also  fragmented  with  a large  number  of 
firms  involved  and  coordination  difficult.  It  was  government  policy 
to  spread  the  industrial  effort  around  so  as  to  bring  up  the  tech- 
nological capabilities  of  several  firms,  and  industry  cooperated 
willingly  for  reasons  of  technical  prestige.  The  decision  to  import 
know-how  from  the  U.S.  was  a victory  for  industry  over  the  university 
researchers.  Moreover,  NASDA,  National  Space  Development  Agency, 
established  in  October,  1969f  has  taken  over  a large  role  in  nianaging 
and  developing  the  space  program  in  the  hopes  of  providing  better 
coordination.  The  Japanese  seem  to  be  slowly  and  painfully  attempting 
to  learn  the  management  of  such  large  scale  projects,  and  gaining  the 
necessary  systems  engineering  capabilities. 

4 

The  present  domestic  effort  centers  around  the  "N"  rocket.  It 
will  be  used  to  launch  a series  of  satellites  in  1976  and  later,  among 
them  the  ETS-2,  which  will  go  into  geosynchronous  orbit.  It  is  aimed 
at  acquiring  the  technology  for  placing  satellites  in  stationary  orbit. 
This  program  is  behind  schedule  and  having  difficulties.  Mitsubishi 
is  the  main  contractor,  but  as  usual  a large  number  of  firms  are  building 


bits  and  pieces  of  the  satellite.  One  American  scientist  felt  that 
this  was  not  the  way  to  go  about  building  a high-rel iabi 1 i ty , long- 
lived  satellite,  or  any  advanced  system  for  that  matter.^  The 
Japanese  may  be  learning  that  lesson  painfully.  The  program  could 
well  run  2 or  3 years  behind  schedule. 

In  addition  to  these  efforts,  the  Japanese  will  also  jointly 
develop  larger  satellites  for  immediate  applications.  These  were 
scheduled  to  be  launched  from  Cape  Kennedy  in  1976  on  Thor  Delta  291^ 
rockets  at  $10  million  per  shot.  But  the  Japanese  have  recently 
requested  a delay  to  1977-78.^  All  the  satellites  weigh  3^<0-360  kg 
and  will  be  launched  into  stationary  orbit.  This  is  well  beyond 
Japanese  rocket  capabilities. 

The  goal  of  this  program  is  to  bring  Japanese  firms  closer  to 
U.S.  technological  levels.  Japanese  invr>lvement  in  the  three  satellites 
is  fairly  small.  One  "Joint"  effort  involves  Hughes  and  NEC.  This  is 
for  the  development  of  a meteorological  satellite,  and  98%  of  the  system 
will  be  produced  at  Hughes.  This  will  become  part  of  the  Global  Meteor- 
ological Satellite  System.  The  cost  is  about  8 billion  yen. 

The  second  satellite  is  a communications  satellite,  built  by 
Mitsubishi  and  Philco  Ford.  NEC  and  NTT  will  develop  two  of  the  eight 
repeater  systems  in  the  satellite,  but  most  of  the  hardware  will  be 
U.S.  produced.  The  cost  is  11  billion  yen. 

The  final  satellite  is  a broadcasting  satellite,  built  by  Toshiba 
and  G.E.  Eighteen  percent  of  this  satellite  will  be  built  in  Japan. 
This  contract  was  awarded  to  this  group  over  a TRW-Mi tsubi shi  proposal, 
because  of  G.E.'s  "established  reputation  concerning  3-axis  position 
control  techniques."  The  cost  of  the  sstellite  will  be  13  billion  yen. 
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G.  Aircraft 

Since  1952  when  Japan  was  again  allowed  to  build  aircraft,  the 
Japanese  have  largely  relied  on  foreign  licenses  to  develop  their 
aircraft  industry,  although  domestic  design  projects  have  increased 
over  time.  There  has  been  a strong  emphasis  on  military  aircraft, 
with  only  one  major  domestic  effort  to  develop  a commercial  aircraft, 
the  YS-11.  Funding  of  R60  has  been  meager,  to  the  frustration  of 
Japanese  aeronautical  engineers,  who  feel  they  could  develop  aircraft 
if  given  sufficient  funding. 

The  government  has  chosen  only  to  keep  a hand  in  this  industry, 
not  to  try  to  compete  with  countries  who  for  reasons  of  military  de- 
fense spend  vast  amounts  of  money  on  aviation  R&D.  In  Japan  less 
than  1%  of  GNP  goes  to  defense,  the  lowest  figure  of  any  developed 
nation.  And  even  this  small  amount  of  defense  spending  is  a very 
politically  sensitive  issue,  as  last  summer's  bombing  of  Mitsubishi's 
offices  in  Tokyo  attests.  Without  military  application  spurring  new  tech- 
nology, the  Japanese  aircraft  industry  works  at  a serious  disadvantage. 

When  the  industry  was  revived  in  the  mid-1950's,  it  did  have  its 
pre-19^5  experience  to  call  upon  as  it  set  out  to  build  aircraft  under 
license.  Figure  10  shows  the  extensive  amount  of  licensing  in  the 
period  through  1966.  Hall  and  Johnson  have  studied  a few  of  these 
cases  in  detail:  the  F-36F,  the  T-33A,  the  P2V-7,  and  the  F-104j.' 

Technical  assistance  was  massive.  But  through  such  progratrs  the 
Japanese  did  acquire  airplane  manufacturing  capabilities,  ar d they 
soon  set  out  to  develop  their  own  designs,  based  on  the  know-how 
transferred  in  the  military  aircraft  programs.  It  is  interesting  to 
note  also  the  specialization  of  the  Japanese  manufacturers  that  de- 
veloped over  time,  with  governmental  approval.  MITI  assigns  prime 
contractors,  and  makes  sure  that  production  is  divided  among  the  first 
line  companies  so  that  each  has  a viable  workload.  MITI  also  controls 
entry  to  the  industry.  Fuji  has  concentrated  on  trainers,  Mitsubishi 
on  fighters,  Kawasaki  on  transports  and  helicopters,  Shin  Meiwa  on 
amphibious  aircraft,  and  IHI  on  jet  engines. 
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Source:  G.R.  Hall  and  R.E.  Johnson,  Transfers  of  U.S.  Aerospace  Technology 
to  Japan,  The  Rand  Corporation,  P-3875,  July  1968,  p.  13 


Fig.  10 — U.S,  planes,  helicopters  and  engines  manufactured  in  Japan 

(through  1966) 
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By  the  late  1950's  the  Japanese  had  developed  their  first  domestic 
airplane,  the  T-1  jet  trainer,  a Mach  .83  plane.  Only  60  were  built, 
the  first  kO  using  an  Orpheus  engine,  the  last  20  a Nihon  Jet  Engine 
Co.  developed  THI  J3  Jet  engine. 

In  1959  with  the  establishment  of  Nihon  Aeroplane  Manufacturing 

Co.,  pr imar i ly  as  a design  bureau  for  commercial  transports,  work  on 

the  YS-11,  Japan's  first  commercial  transport,  began.  This  was  a twin 

engine  turboprop  transport  with  a 60  passenger  capacity,  designed  for 

short  hauls,  i.e.,  conditions  in  Japan.  It  incorporated  know-how  gained 

from  the  military  aircraft  experience.  The  landing  gear  was  an 

adaptation  of  that  used  on  the  P2V-7.  Since  it  came  along  too  late 

it  never  captured  much  of  the  market,  and  losses  on  the  program  were 

3 

about  $130  million.'  Twenty-one  of  the  I80  planes  produced  were  sold 
to  Piedmont  Airways  in  the  U.S. 

No  other  large  commercial  transport  has  been  developed  in  Japan. 

For  several  years  the  Japanese  have  been  negotiating  with  Boeing  on  a 
possible  joint  development  of  an  intermediate  range  airbus.  This  venture 
is  apparently  now  close  to  getting  under  way,  with  the  Japanese  taking 
a 20^  share,  Boeing  51^,  and  Aeroltalia  29^.^  The  goal  of  the  project 
for  the  Japanese  is  to  ga  1 n know-how  for  future  developments. 

Two  small  aircraft  developed  in  Japan  have  had  success  on  world 
markets,  the  Fuji  FA-200  Aero  Subaru  and  the  Mitsubishi  MU-2.  Both 
have  U.S.  engines.  Mitsubishi  assembles  planes  for  the  U.o.  market 
in  San  Angelo,  Texas. 

On  the  military  aircraft  side  there  have  been  several  domestic 
developments  that  are  now  coming  into  production.  One  is  the  C-1 
medium  range  transport,  designed  by  Nihon  and  built  by  Kawasaki.  The 
engines  for  this  pla-^e,  two  Pratt  and  Whitney  JT8D-9  turbofan  engines, 
are  built  under  license  by  Mitsubishi.  The  plane  has  had  excellent 
test  performance.^ 

Shin  Meiwa  and  the  Defense  Agency  developed  the  PS-1,  a sophisti- 
cated long  range  ASW  seaplane,  that  has  aroused  U.S.  Navy  interest.^ 

Dr.  Kikuhara  played  an  important  role  in  the  design.  A Grumman  UF-1 
Albatross  was  used  as  the  experimental  aircraft  to  be  modified.  The 
most  advanced  of  the  design  concepts  is  a boundary  layer  control  and 


deflected  slipstream  system  for  STOL  performance  and  greater  stability 
in  high  seas.  An  IHI-built  GE  i5>8-10M-l  engine  is  housed  on  the  upper 
center  of  the  fuselage  to  provi'le  power  for  a boundary  layer  control 
system  on  rudder,  flaps,  and  elevators.  Its  performance  capabilities 
are  outstanding,  and  Grumman  has  U.S.  licensing  rights.^ 

The  T-2  two-seat  jet  trainer  and  the  FS-T2  single-place  close- 
support  fighter  were  developed  after  a major  research  effort  that  in- 
volved the  Defense  Agency,  the  National  Aerospace  Lab,  and  industry. 

Dr.  K.  I keda  was  design  leader.  This  Mach  1.63  trainer  was  the  first 
^ supersonic  aircraft  designed  in  Japan-  It  bears  a strong  external 

I semblance  to  the  Anglo-French  Mach  1.63  Jaguar  advanced  Jet  trainer. 

Both  are  powered  by  two  Rol  1 S-Royce/Turbomeca  Adour  turbofan  engines. 
Mitsubishi  is  prime  contractor,  basically  because  the  trainer  will  be 

modified  for  use  as  a close-support  fighter.  There  was  apparently 

. . 8 

disappointment  at  Fuji  about  this  decision. 

These  developments  indicate  that  the  Japanese  do  have  capabilities 
in  designing  airframes.  Their  best  effort  has  been  the  PS-1.  For 
advanced  fighters  they  are  still  dependent  on  U.S.  licenses,  with 
Mitsubishi  presently  building  the  Phantom  F-AEJ  in  Japan  under  a 
McDonnell  Douglas  license,  and  with  significant  technical  assistance. 
Technical  assistance  is  less  than  in  the  F-IO^J  case,  but  still  ex- 
tens  i ve. 

The  government  did  fund  some  research  of  VTOL  flying  test  beds  at 
both  NAL  and  the  Defense  Agency's  third  Research  and  Development 
Center.  Th.*  Defense  Agency  program  was  suspended  because  of  lack  of 
funds,  and  the  NAL  program  is  at  a low  level  of  effort. 

One  major  effort  at  the  moment  is  a MITI -sponsored  big  project  for 
the  development  of  a high-bypass-ratio  turbofan  engine.  This  project 
started  in  1972,  with  the  main  participants  NAL  and  IHI.  The  IHI/NAL 
FJR710  engine  is  said  to  be  comparable  to  theG.E.  TF-3^  engine. 

The  only  previous  domestically  developed  engines  were  the  THI  .13  and 
the  VTOL  engines.  Thus  this  project  is  clearly  relying  on  experience 
gained  from  building  engines  under  license.  The  engine  is  designed  for 
endurance  during  frequent  takeoffs  and  landings,  fuel  economy,  low 
pollution,  low  noise  level  and  low  engine  temperature.  This  engine 


rtm.  .' ” ' ,.  “'■  - - ‘>-;^--*' 


laA 

and  modified  versions  of  it  will  have  several  possible  applications. 

One  will  be  for  the  PXL  ASW  patrol  aircraft  presently  being  developed 
to  replace  the  Lockheed/ Kawasak i P-2J's. 

The  Defense  Agency  has  been  the  main  force  in  trying  to  increase 
R&D  expenditures  on  aviation  so  as  to  raise  technological  capabilities. 
It  would  like  to  be  better  funded,  but  has  not  been  so  far  because 
political  considerations  demand  a low  defense  budget. 
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H.  ENERGY 

Japanese  efforts  in  energy  technology  research  and  development 
have  concentrated  on  nuclear  energy  technology.  MITI  has  started  the 
"Sunshine  Project"  in  19?!*.  a project  designed  to  develop  new  non- 
nuclear sources  of  energy.  The  level  at  which  this  project  will  be 
funded  is  unclear  at  preseit.  The  emphasis  will  be  on  solar  energy, 
geothermal  energy,  coal  1‘quefaction  and  gasification,  the  efficient 
use  of  waste  heat,  and  the  possible  rcle  of  hydrogen  a.,  fuel.  The 
Japanese  have  also  had  a long-term  interest  in  the  efficient  use  of 
electricity  using  superconducting  technology.  HHD  research  has  eeen 
funded  at  the  level  of  a HITI  big  project,  and  another  MITI  big  project 
on  cryogenic  power  transmission  will  begin  next  year.  Given  Japan's 
present  dependence  on  imported  oil  to  serve  her  energy  needs,  energy 
RSD  will  be  an  important  area  of  research  in  the  future. 

I . Nuclear  Energy 

Japan  has  relied  on  the  introduction  of  foreign  technology  to 
provide  its  present  nuclear  energy  capacity.  Table  32  outlines  the 
66  type  A licensing  agreements  concluded  In  atomic  energy  technology 
through  the  end  of  1971 < These  licenses  have  cost  Japanese  companies 
over  11  billion  yen,  but  that  has  been  a very  small  fraction  of  the 
original  development  cost  of  this  technology,  and  Japanese  manufacturers 
have  obtained  significant  capabilities  in  conventional  reactor  tech- 
nology and  in  nuclear  fuel  cycle  technology. 

While  working  to  master  the  conventional  light  water  reactor 
technolcjy,  the  Japanese  have  also  set  out  on  domestic  development 
programs  to  develop  advanced  reactors,  to  obtain  a uranium  enrichment 
capability,  and  to  develop  toroidal  plasma  fusion  reactors.  Nuclear 
energy  has  been  the  largest  government  RSD  expenditure  throughout  the 
1960's  and  1970's.  But  these  expenditures  have  been  only  a small 
fraction  of  the  programs  in  other  countries  like  the  U.S.,  U.K.,  and 
France.  In  1971,  67  billion  yen  were  spent  on  nuclear  energy  R&D,  in 
1972,  69  billion  yen.  Most  of  this  was  spent  in  the  government  research 
institutes,  especially  Japan  Atomic  Energy  Research  Institute  (JAERI) 
and  the  Power  Reactor  and  Nuclear  Fuel  Development  Corp.  (PNC). 
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Table  32 


PURCHASE  OF  ATOMIC  ENERGY  TECHNOLOGY  BY  JAPAN 


Prires 
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4 
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- 1968.  Oct 
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8 

3 

1 502  829 
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5 

5 
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1961.  Nov 
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France 

1 

1 

1S881 

F.R.  Germany 

1 

1 

— 

Switxerland 

1 

1 

— 

-1971.  Jan 
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8 

8 

97  421 

(360  SI  9) 
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19 

IS 

772  173 

1961,  Feti 

UK. 

2 

2 

80  2C0 

SwitaerUnd 

1 

1 

24  000 

-1971.  Sapi 

Sub  total 

22 

18 

876  373 

(3  245  6251 
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USA. 

48 



7 679  236 

(28  441  609) 

UK. 

11 

2 312  649 

(8  565  365) 
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$ 

1 333166 

(4  937  651) 

F.R.  Garmany 

2 

48  000 

(177  773) 

Swettzailand 

2 

24  000 

(88  839) 
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68 

11  397  051 

(42  211  29?) 
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3.  foreign  CKChorgt  is  counted  cn  the  bests  of  Yen  270  to  the  U.S.  doUet,  end  the  others  ot  off tcef  retes. 
fiombets  m perenthesrs  ore  m U S doders. 


SOURCE:  K.  Mori,  "Present  Scope  and  Specialties  of  Japanese 

Nuclear  Industry,"  Nualear  Engineering  International, 
July  1973,  p.  Si»9.  Reproduced  by  permission. 
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Expenditures  at  these  research  institutes  grew  from  51  billion  yen 

in  1971  to  63  billion  yen  in  1973. 

In  1971,  12.8  billion  yen  was  spent  on  R6D  by  industry,  11.6 

billion  self-financed.  This  11.6  billion  yen  constituted  \1%  of 
sales,  making  this  far  and  away  the  most  R&D  intensive  industry 
In  1972,  perhaps  in  part  due  to  the  economic  crisis,  R6D  expenditures 

by  industry  fell  below  10  billion  yen. 

Earlier  expenditures  were  at  a far  more  modest  level,  only  7.9 
billion  yen  in  1962,  10.6  billion  yen  in  1964,  and  15.3  billion  yen 
in  19t  in  the  government  sector.'*  This  was  a period  of  learning  and 
preparation  for  the  larger  programs  of  the  1970‘s.  Through  the 
present  time  Japanese  achievements  have  been  modest  and  this  is  re- 
flected in  the  U.S.  patent  statistics  in  the  area  of  nuclear  energy. 

The  Japanese  have  obtained  only  15  of  the  2170  patents  awarded  be- 
tween 1963  and  1972  in  the  area  of  nuclear  f i ss ion^reactor  systems 
and  components,  tenth  place  among  foreign  nations. 

Presently  all  new  reactors  being  built  in  Japan  are  either  GE 
boiling  water  (BWR)  or  Westinghouse  pressurized  vater  (PWR)  light 
water  reactors  which  require  3^  enriched  uranium  as  the  fuel  element. 
Hitachi  and  Toshiba  both  have  GE  licenses,  and  Mitsubishi  has  a 
Westinghouse  license.  The  first  power  reactor  built  in  Japan  was  a 
160  MW  (electrical)  British  GE  natural  uranium  gas-cooled  reactor 
(AGR).  This  reactor  did  not  prove  satisfactory,  but  the  experience 
with  it  has  helped  in  the  development  of  domestic  gas-cooled  reactors 
to  be  discussed  below. 

The  Japanese  obtained  the  design  for  their  spent  fuel  reprocessing 
plant  from  the  French  firm  Saintes-Gobain  Techniques  Nouvelles.  In 
other  parts  of  the  nuclear  fuel  cycle  the  Japanese  have  obtained  U.S. 
technology  from  GE  and  Westinghouse.  Only  in  the  area  of  uranium 
enrichment  have  the  Japanese  had  to  develop  their  own  independent 
capabi 1 i ties. 

Japanese  efforts  to  develop  a uranium  enrichment  capability  have 
been  directed -at  both  gaseous  diffusion  and  centrifuge  techniques. 

It  is  only  since  the  late  1960's  that  these  efforts  have  had  priority 
The  goal  is  to  have  a competitive  commercial  plant  by  1985. 
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The  centrifuge  process  seems  to  be  favored  with  the  claim  being  made 
that  this  process  has  reached  technical  feasibility,  with  more  study 
needed  on  economic  feasibility.^  Japanese  ability  to  produce  the 
needed  carbon  fibers  for  the  centrifuges  is  clear.  Toyo  Rayon, 
among  others,  is  a leading  producer  of  high  grade  carbon  fibers. 
Mitsubishi  has  also  recently  announced  a membrane  breakthrough  that 
gives  Japan  the  capability  of  building  a gaseous  diffusion  plant. ^ 
Mitsubishi  has  completed  a trial  plant  design  using  the  new  membrane. 
The  Japanese  therefore  have  developed  technology  in  this  area,  tech- 
nology not  available  on  license  because  of  its  weapons  applications. 

The  Japanese  presently  have  three  separate  efforts  for  the  de- 
velopment of  new  reactors.  One  of  these  is  the  advanced  thermal  re- 
actor (ATR)  , a heavy-water-moderated,  boiling-light-water-cooled  re- 
actor, that  will  be  capable  of  using  natural  uranium  fuel  slightly 
enriched  with  plutonium.  The  prototype  I65  MW  ATR  "Fugen"  is 
scheduled  to  become  critical  in  1975*  and  will  use  slightly  enriched 
uranium  with  plutonium  addition.  The  ATR  is  similar  to  the  British 
Steam  Generating  Heavy  Water  Reactor. The  ATR  program  makes  use  of 
much  of  the  experience  gained  from  U.S.  LWR's.  It  is  meant  to  serve 
as  an  interim  reactor  to  reduce  dependence  on  foreign  enriched  uranium 
until  the  fast  breeder  reactor  program  bears  fruit.  PNC  directs  the 
effort  which  involves  extensive  industrial  participation.  Four  nuclear 
energy  groups  (Hitachi,  Toshiba,  Mitsubishi,  and  Fuji)  have  cooperated 
and  shared  the  work.  It  would  be  interesting  to  see  if  lack  of  co- 
ordination has  slowed  this  effort  and  the  other  nuclear  reactor  efforts 
as  it  has  in  similar  situations  in  the  space  program.  Some  people 
have  indicated  this  is  so.  In  any  case  with  the  present  shortage 
of  heavy  water,  the  slow  pace,  and  the  high  capital  cost  of  the  ATR, 
the  rationale  for  continuing  beyond  the  prototype  stage  may  be  weak.^^ 
Present  plans  do  call  for  a 645  MW  thermal  ATR  to  be  built  by  I98O, 

The  main  effort  is  being  concentrated  on  liquid  metal  fast 
breeder  reactors  (LMFBR) . The  first  experimental  LMFBR,  "Joyo," 
fueled  with  a mixed  oxide  of  plutonium  and  uranium,  cooled  with  liquid 
sodium,  and  rated  at  100  MW  thermal,  was  scheduled  to  become  critical 
in  1974,  but  1975  may  be  more  likely.  There  has  been  some  French  help 
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in  evaluating  the  design  of  this  reactor.  PNC  again  coordinates  the 
program,  and  the  four  groups  participating  in  the  ATR  program  also 
participate  in  this  effort. 

A prototype  LhFBR,  "Monju,"  rated  at  300  MW  electrical,  was 
scheduled  to  begin  construction  in  197^»  and  become  critical  around 
1978.  PMC,  together  with  five  industrial  groups  (Sumitomo  plus  the 
four  above),  developed  the  design.  Overall,  the  Japanese  LMFBR 
effort  clearly  trails  those  elsewhere  in  the  world  (France,  U.K.,  U.S.), 
and  despite  massive  funding  by  Japanese  standards,  the  effort  is  not 
funded  well  by  international  standards.  (The  U.S.  spent  $357-3  million 
on  LHFBR  in  FY7^«  and  will  spend  $473  million  in  FY75i-  Results  will 
therefore  lag  behind  those  elsewhere. 

Along  more  independent  lines,  JAERI  and  MITI  are  sponsoring  re- 
search on  high  temperature  gas  cooled  reactors  (HTR).'^  This  develop- 
ment grows  out  of  experience  with  the  British  AGR.  The  Fuji  group  is 
the  main  industrial  participant.  JAERI  is  to  construct  a 50  MW  (th) 
very  high  temperature  gas  cooled  reactor  (VTR)  by  the  end  of  the  1970's. 
The  outlet  coolant  gas  will  have  a 1000“C  temperature,  and  will  be 
put  to  multiple  industrir.l  uses.  MITI  is  sponsoring  a big  project 
to  develop  one  of  these  applications,  iron  and  steel  making.  This 
project  started  in  1973  with  a six  year  budget  of  7.0  billion  yen.  It 
aims  at  producing  '('heat  resistant  materials,  heat  exchangers,  reducing 
gas  production  equipment,  direct  iron  ore  reducing  systems,  and  studies 
on  the  whole  system  analysis."'^  This  development  is  unique  to  Japan 
at  the  present  time. 

In  the  area  of  toroidal  plasma  fusion  reactors,  the  Japanese  have 

achieved  some  important  results,  and  are  committed  to  a major  research 

effort  in  the  last  half  of  the  1970's.  JAERI 's  Thermonuclear  Fusion 

Lab  had  a budget  of  409  million  yen  for  R&D  in  1972  (excluding  staff 

and  administration  costs),  and  273  million  yen  was  spent  building 

JFT-2  (JAERI  Fusion  Torus-2),  their  "fat"  tokomak,  between  1970  and 

1972.'^  There  were  about  30  scientists  on  the  staff  in  1972.  The 

JFT-2  machine  has  attained  the  world's  best  confinement  time,  25 

1 8 

milliseconds,  at  an  electron  temperature  ■'f  7 million°C.  During 
the  second  stage  of  the  program,  from  1975  to  1979.  a larger  toroidal 
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machine  will  be  built,  with  the  aim  of  fulfilling  the  Lawson  criterion. 

The  level  of  funding  will  be  about  80  billion  yen  for  the  5-year  period. 
This  will  be  the  largest  single  project  ever  undertaken  in  Japan,  and 
the  level  of  funding  compares  favorably  with  U.S.  efforts.  It  will 
be  worth  monitoring.  One  Japanese  source  felt  that  managing  such  a 
large  project  will  be  a severe  test  of  Japanese  management  capabilities.'^ 

The  next  generation  torus  will  use  ordinary  fer romagnets . There 
IS  presently  some  work  on  using  superconducting  magnets  to  confi-ie  a 
high  temperature  plasma.^"  This  is  a joint  effort  of  Tokyo  and  Nagoya 
Universities.  Superconducting  magnets  probably  will  be  needed  in  the 
later  stages  of  plasma  fusion  research,  and  other  Japanese  efforts  to 
develop  superconducting  technology  will  be  useful  at  that  time. 

Japanese  work  on  laser  fusion  is  at  a very  low  level  of  funding. 

One  group^at  the  Institute  of  Laser  Engineering.  Osaka  University,  is 
involved.  They  are  presently  developing  a Nd  glass  laser  with  a 
2 nano-second  pulse  width,  250  joule  output,  in  cooperation  with  Japan 
Electron  Optics  Laboratory  Co.  (JEOL) . The  Science  and  Technology 
Agency  (STA)  supports  the  project.  The  lack  of  development  of  high 

energy  pulsed  lasers  in  Japan  will  probably  keep  the  effort  at  a low 
level  for  some  time. 
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2.  La>~ge  Scale  Applications  of  Superconductivity  to  Energy 
Technology 

a.  Introduction.  The  Japanese  have  shown  considerable  interest 
in  the  area  of  large  scale  applications  of  superconductivity  over  the 
last  ten  years. 

Here  we  will  be  concerned  basically  with  three  efforts.  These 
are  in  the  area  of  magnetohydrodynamic  (MHD)  power  generation, 
super-conducting  generators,  both  dc  and  ac  and  cryogenic  power 
transmission.  Research  in  these  areas  has  been  carried  on  mainly  by 
the  government  research  institutes,  especially  ETL,  and  indistrial 
laboratories . 

In  the  universities  there  is  broad  research  effort  at  a more 
basic  level.  All  the  traditional  areas  of  low  temperature  physics 
are  covered  iind  the  quality  of  the  work  is  very  good  by  international 
standards.  Tohoku  University  in  Sendai  and  its  associated  Research 
Institute  on  Iron,  Steel,  and  Other  Metals,  and  on  Electrical  Com- 
munications, are  especially  strong  in  the  area  of  basic  research. 

The  progress  of  the  Japanese  has  been  remarkable.  Until  I96I 
research  activities  on  superconductivity  had  been  at  a very  low  level 
in  Japan.  The  number  of  helium  liquefiers  was  less  than  ten,  and  these 
had  been  entirely  imported  from  abroad.  Largely  spurred  by  the  dis- 
covery of  high  field  superconductors  with  their  obvious  applications 
to  magnets,  several  large  Japanese  companies  became  involved  in  the 
effort.  Between  1963  and  I967  Japanese  I’quefiers  were  developed, 
and  since  196?  only  Japanese  models  have  been  sold,  and  many  exported. 

Several  companies  started  the  development  of  superconducting 

materials  in  the  early  I9b0's,  and  today  there  are  hosts  of  proprietary 

Japanese  materials  available.  Mitsubishi,  for  example,  has  developed 
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a material  called  Tanalloy.  It  consists  of  an  alloy  of  Ti-Nb-Ta  and 
has  been  used  in  d.c.  magnets  of  up  to  75  kG  (kilogauss). 

Very  recently  Furukawa  Electric  has  mass-produced  the  world's 
first  superconducting  magnet  wire  made  of  V^Ga.  This  is  among  the 
highest  field  superconductors  known,  and  development  of  the  wire  is 
a major  accomplishment. 


This  tendency  of  the  large  industrial  research  laboratories  to 
have  a strong  in-house  capability  to  produce  the  materials  used  in 
their  research  is  a characteristic  of  these  labs.  Similar  situations 
can  be  found  in  such  areas  as  optical  fibers  and  semiconductor 
materials. 

The  focus  of  the  large-scale  efforts  has  been  the  development  of 
more  efficient  systems  for  generating  and  transmitting  electric  power. 
Much  of  the  work  is  still  in  very  early  stages  of  development  (pre- 
prototype for  the  most  part),  but  it  has  been  of  high  caliber  and 
there  is  promise  of  future  application. 

b.  MHD  Power  Generation.  The  major  focus  in  the  area  of  large- 
scale  applications  of  superconductivity  during  the  period  1966-1972 
was  the  "big  project"  supported  by  The  Ministry  of  International  Trade 
and  Industry  (MITI)  on  MHD  power  generation.  ETL  was  the  coordinator 
of  this  project,  and  the  main  contractors  were  Hitachi,  Mitsubishi 
Electric,  Toshiba  Electric,  the  Japan  Oxygen  Company,  and  Toyoda  Machine 
Works,  Ltd.  The  total  government  budget  during  the  seven-year  period 
was  about  five  billion  yen  ($16.7  million). 

Work  on  this  project  proceeded  in  three  phases.  The  first  phase 
utilized  a 23~kG  superconducting  saddle-shaped  magnet.  The  super- 
conductor was  manufactured  by  I'MCO  in  the  U.S.,  but  the  magnet  was 
constructed  at  ETL.  A maxin.um  of  25  W was  produced  in  a 5-minute 
test  run  of  the  combustion  system. 

During  the  second  phase  a larger  saddle-shaped  superconducting 
magnet  of  wholly  Japanese  manufacture  was  developed.  The  super- 
conductor was  fully  stabilized  Nb-Zr-Ti  composite  wire  produced  by 
Hitachi.  Mitsubishi  Electric  did  much  of  the  magnet  construction. 

The  maximum  field  was  45  kG  and  the  stored  energy  was  4.5  MJ 
(megajoules).  Maximum  MHD  power  was  200  kw  and  emphasis  was  given 
to  the  combined  operation  of  combustion  system  and  superconducting 
magnet . 

During  phase  three,  which  started  in  1970,  a superconducting 
magnet  of  the  race-track  type  with  a uniform  field  space  at  room 
temperature  of  10  x 20  x 120  cm  was  constructed.  This  is  the  largest 
magnet  of  its  kind  in  the  world,  with  a central  field  of  50  kG  and  a 
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stored  energy  of  70  MJ.  A successful  test  of  the  magnet  was  completed 
in  1973  and  presently  work  Is  under  way  on  combined  operation  with  a 
combustion  system  to  produce  1 MW  output  for  a 5-mlnute  running  period. 

For  I973“I975t  the  budget  for  this  project  will  be  900  million 
yen  per  year  ($3  million).^  A prototype  MHO  generator  has  been  pro- 
posed, but  government  approval  has  not  been  obtained. 

As  Table  33  shows,  MHO  has  been  an  area  of  decreasing  patent 
activity  in  the  U.S.  During  the  period  1970-1972  Japan  received  J% 
of  all  U.S.  patents  in  this  area,  but  the  decreaseJ  patent  activity 
Is  an  indicator  of  decreased  interest  in  this  sort  of  power  generation. 
The  experience  gained  by  the  Japanese  In  this  project,  however,  will 
be  useful  for  those  that  will  follow  in  other  areas. 

c.  Superconducting  f^<*n<»i"ators. 

(1)  Superconducting  dc  homopolar  generators.  Toshiba  Electric 
began  research  and  development  on  a dc  homopolar  generator  in  1967.^ 
Successful  operation  was  achieved  In  1970.  The  basic  design  was  a 
room- temperature  rotor  rotating  in  a kO  KG  axial  magnetic  field  pro- 
duced by  a superconducting  magnet.  Output  at  3000  rpm  was  10  kv  (lOV, 
iOOOA). 

The  next  phase  of  researdi  was  sponsored  by  the  Japan  Society  for 
Promotion  of  Machine  Industry.  Furukawa  Electric  and  several  other 
companies  were  involved  in  addition  to  Toshiba.  The  total  budget  for 
I97I-I973  was  180  million  yen  ($600,000).  The  superconducting  magnet 
of  this  machine  i s a 40  kG  pancake  magnet  with  stored  energy  of  26  MJ . 
Output  is  3 MW  (I50V,  20kA) . It  will  be  used  at  Furukawa  Nikko 
Works  for  a six-month  trial  period  as  a power  source  for  a copper 
electrolyzing  plant.  This  generator  is  viewed  as  a test  bed  by  the 
entire  electrolytic  refining  industry,  which  uses  large  amounts  of  dc 
power. 

This  effort  compares  favorably  with  those  in  other  nations  and 
it  has  been  entirely  indigenous. 

(2)  Superconducting  ac  generators.  Work  on  superconducting  ac 
generators  is  relatively  undeveloped  in  Japan. ^ Hitachi  had  developed 
a prototype  1 kw  ac  generator  by  1970.  But  that  program  was  dropped  when 
it  was  found  the  design  did  not  extrapolate  to  larger  power  capacities. 
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Table  33 

MAGNETO-HYDRODYNAMIC  GENERATORS 


Dynamo-electric  apparatus  for  generating  electricai  power  by  the 
passage  of  a conducting  fluid  (either  gas  or  liquid)  through  a 
magnetic  field.  The  fluid  is  driven  through  the  magnetic  field  at 
high  velocity  and  electrical  power  is  obtained  from  electrodes 
which  are  in  contact  with  the  fluid. 


DISTRIBUTION  OF  U.S.  PATENTS  IN  AREA  OF  INTEREST 


FOREIGN 

1963 

64 

65 

66 

67 

63 

69 

70 

71 

72 

Total 

63-72 

FRANCE 

1 

1 

4 

5 

10 

18 

8 

6 

4 

57 

GERI-IANY 

i 

3 

2 

1 

9 

6 

3 

2 

4 

1 

32 

UNITED  KINGDOM 

1 

2 

1 

3 

5 

9 

4 

1 

26 

SWITZERLAND 

2 

1 

3 

3 

3 

5 

17 

1 

\ 

2 

1 

4 

9 

JAPAN 

SWEDEN 

i 

1 

1 

3 

1 

1 

2 

CANADA 

1 

1 

NETHERLANDS 

1 

DENMARK 

1 

1 

ICELAND 

1 

1 

AUSTRIA 

1 

1 

NEW  ZEALAND 

1 

1 

ITALY 

1 

TOTAL  FOREIGN 

4 

3 

5 

1 1 

22 

26 

CD 

16 

15 

7 
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UNITED  STATES 

17 

36 

51 

50 

38 

21 

32 

18 

10 

10 

283 

TOTAL 

21 

44 

56 

61 

60 

47 

70 

34 

25 

17 

435 

ACTIVITY  INDICES 


Average  % 
Projected 
Mini  mum  X 
Average  X 
Average  X 


Fore i gn 

Average  % Foreign 
U.S.  Owned  of  Foreign 
Grovith 

Assigned  to  U.S.  Govt. 


49  % 
75 

5.9^^ 
4.1?. 
i3  X 
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More  recently  Fuji  Electric  has  constructed  a 30  kw  synchronous 
generator  with  an  outer  stationary  superconducting  field  of  4 poles, 
and  an  inner  rotating  armature.  They  are  presently  planning  to  de- 
velop an  ac  generator  with  an  inner  rotating  field. 

d.  Cryogenic  Power  Transmission.  High  capacity  and  efficiency 
power  transmission  systems  are  obviously  important  in  making  use  of 
energy  resources.  Since  1964  the  Central  Research  Laboratory  of  the 
Electric  F'ower  Industry  has  been  involved  in  superconducting  power 
transmission.  Their  work  has  been  on  design  and  cost  estimation, 
largely  of  dc  transmission  lines.  ETL  has  been  conducting  experimental 

g 

studies  on  ac  losses  and  the  economy  of  such  systems. 

Furukawa  Electric  has  been  the  leader  in  developing  model  super- 
conducting cables.  They  have  also  worked  on  cryores i st ive  cable  using 
liquid  nitrogen  as  the  coolant. 

A big  project  has  been  proposed  for  the  development  of  super- 
conducting transmission  systems,  and  is  expected  to  start  in  1975. 

Total  budget  amounts  to  20  billion  yen  ($67  million)  for  the  first 
period  of  8 or  9 years.  This  will  be  a major  spur  to  the  development 
of  the  superconducting  technology  in  the  heavy  electric  industry. 
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I.  SHIPBUILDING  AND  OCEAN  MINING 

1.  Development  before  1945 

Before  discussing  the  post-war  developments  in  naval  architecture 
and  ship  construction  technology  we  should  recall  the  advanced  state 
that  the  shipbuilding  industry  had  reached  in  Japan  before  and  during 
World  War  II.' 

The  Japanese  Imperial  Navy  enjoyed  a high  priority  in  national 
efforts.  New  shipbuilding  technologies  were  learned  and  adopted  as 
soon  as  they  were  developed  anywhere  in  the  world.  The  University  of 
Tokyo  had  the  oldest  department  of  naval  architecture  in  Japan, 
established  in  I883,  and  there  were  also  departments  in  the  imperial 
universities  at  Kyushu  and  Osaka,  all  helping  to  provide  the  personnel 
needed  for  the  national  effort. 

As  a result  of  this  intense  national  effort,  technical  levels  in 
various  areas  of  naval  architecture  and  marine  engineering,  including 
hydrodynamics  and  structural  design,  had  attained  approximate  parity 
with  those  in  the  West.  This  is  indicated  by  the  design  and  con- 
struction of  a number  of  warships.  Among  these  were  the  Yamato  and  the 
Musashi , each  displacing  69,000  gross  tons,  which  were  built  just 

before  the  outbreak  of  World  War  II  and  were  considered  the  most  power- 
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ful  battleships  at  that  time. 

During  the  war  the  Japanese  fell  sharply  behind  in  shipbuilding 
technology.  In  the  United  States  new  prefabrication  and  welding 
techniques  were  developed  under  pressure  and  applied  in  a crash  pro- 
gram to  produce  Liberty  Ships.  When  the  war  ended  with  many  Japanese 
shipyards  destroyed,  the  Japanese  shipbuilding  technology  was  far 
behind  that  of  the  U.S.  in  the  area  of  welding  technology,  but  in 
other  areas  technical  levels  were  almost  as  advanced  as  those  of  the 
U.S.^ 

Thus  when  the  Japanese  set  out  to  reconstruct  their  shipbuilding 
industry  after  the  war  they  had  experience,  tradition,  know-how,  and 
manpower  to  call  upon. 

2.  Acquisition  of  Technology,  1945~I959 

A high  priority  was  early  given  to  the  acquisition  of  welding 
technologies  from  the  west.  This  technology  appeared  on  MITI's  first 
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shopping  list  in  1950,  First  Announoement  of  Desirable  Technologies. 

In  the  early  I950's  the  Japanese  shipyards  set  out  to  assimilate  these 
techniques  and  they  did  so  with  particular  thoroughness.  The  submerged 
arc  welding  process  was  introduced,  and  concerted  efforts  were  made 
to  overcome  the  problem  of  cold  brittleness  of  welded  hulls.  Shipyard 
layouts  were  real igned  to  exploit  every  advantage  of  the  new  system 
of  arc  welded  block  construction. 

The  technologies  that  were  introduced  came  from  the  U.S.  and 
Western  Europe,  in  particular  Sweden  and  West  Germany.^ 

3.  Japanese  Innovation  in  the  1950's 

By  the  late  1950's  Japanese-developed  welding  technologies  began 
to  appear.  An  example  is  the  development  of  large-diameter  welding 
electrodes  for  horizontal  fillet  welding  (E6020  type).^  At  this 
time  Japan  was  already  building  11%  of  the  world's  new  merchant  ships. 

The  system  of  building  ships  by  assembling  welded  modules,  the 
so-called  "block  system,"  had  been  established.  And  Japan  had  reached 
parity  with  the  world  in  shipbuilding  technology. 

In  the  area  of  hull  design  Professor  Takao  Inui  of  the  University 
of  Tokyo  was  among  the  world's  leaders.  His  work  on  the  bulbous  bow, 
a low-drag  hull  shape,  continued  and  systematized  the  work  of  Weinblum 
and  Wigly,  who  had  been  the  originators  of  the  idea  in  the  1930's.^ 

4.  Development  in  the  I960's 

During  the  1960's  Japanese  ship  construction  technology  became 
the  most  advanced  in  the  world  as  far  as  the  construction  of  commercial 
ships,  especially  large  tankers,  was  concerned. 

This  was  a time  of  rapid  growth  for  shipbuilding  everywhere 
(see  Figure  11).  But  the  Japanese  led  the  w^/  in  the  production  of 
the  giant  tankers.  They  were  able  to  build  these  ships  faster  and 
cheaper  than  their  competition  in  Europe.  Between  19'-3  and  1972 
their  production  increased  more  than  five-fold.  To  build  these  new 
ships  at  the  speed  and  price  at  which  they  were  offered  required  great 
organization  and  improved  technology. 
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Fig.  ll--Merchant  ships  launched  In  the  world 
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As  the  size  of  the  Japanese  shipbuilding  industry  grew,  it  became 
possible  to  specialize  production  systems  for  certain  types  of  classes 
of  ships,  unlike  the  situation  during  the  1950's  when  ships  were  in- 
dividually designed  for  each  customer.  This  was  a major  factor  in 
cutting  both  time  and  costs  in  construction. 

A major  factor  in  reducing  overall  costs  was  the  reduction  in 

cost  in  fabricating  the  basic  construction  unit,  the  "block"  or 

0 

"module,"  a panel  structure  of  steel  plates.  Conveyor  systems  were 
introduced  in  fabrication  shops.  Statistical  quality  control  was 
applied  in  ship  fabrication  and  numerically  controlled  flame  cutting 
was  introduced, 

9 

There  were  also  many  advances  in  welding  technology.  Electrodes 
especially  suited  for  down-band  vertical  welding  were  developed.  They 
were  useful  for  Improving  the  productivity  of  fabricating  panel 
structures.  Semiautomatic  gravity  welding  was  developed.  It  uses  a 
large-diameter,  long  electrode  which  is  placed  on  a fixture  so  that 
a fillet  weld  is  made  automatically  as  the  electrode  melts  and  the 
arc  advances.  The  process  does  not  require  skilled  labor,  and  one 
worker  can  handle  several  units. 

As  noted  above,  submerged-arc  welding  was  introduced  to  Japan  in 
the  early  1950's.  The  Japanese  during  the  1950's  developed  the  one- 
side  submerged  arc  welding  process.'^  This  process  is  extremely  use- 
ful in  butt  welding  large  plates,  because  the  plates  do  not  have  to 
be  turned  over  to  be  welded  on  both  sides. 

Throughout  this  period  the  Japanese  continued  to  monitor  develop- 
ments elsewhere,  and  there  was  an  increase  in  licensing  agreements 
with  foreign  firms.  One  example  is  the  vertical  automatic  welding 
processes,  including  electroslag  and  electrogas  processes,  introduced 
from  the  Soviet  Union,  and  still  widely  used  for  welding  butt  joints 
between  large  assemblies.'^ 

Between  1950  and  1964  at  the  outset  of  the  boom  period  there  were 
a total  of  8 licensing  agreements  of  type  A contracted  by  Japanese 
shipbuilding  firms  and  thirteen  of  type  B.  However,  in  1964  only 
\ .3%  of  total  sales  consisted  of  sales  of  products  with  license- 
related  technology.  Thus  what  we  have  here  is  a willingness  to 
borrow  from  abroad,  but  certainly  no  dependence  on  foreign  technology. 
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The  lack  of  export  of  Japanese  technology  abroad,  only  3 licenses 
being  contracted  during  the  period  1950“1964,  may  be  accounted  for  by 
the  fact  the  Japanese  innovations  during  this  period  could  be  fairly 
easily  duplicated  abroad.  Perhaps  also  the  slowness  of  Western  ship- 
builders to  develop  more  efficient  methods  may  have  been  due  to 
9^^3ter  restraints  of  both  labor  practices  and  eguipmeiit  in  place  in 
the  West. 

In  ship  design  the  Japanese  continued  to  be  leaders.  Some  of 
the  hulls  of  the  first  large  tankers  showed  a great  deal  less  than 
their  estimated  strength.  They  had  a propensity  for  buckling  and 
cracking  under  certain  pressures,  but  structural  analysis  carried  out 
by  computer  has  helped  to  strengthen  succeeding  generations  of  tankers.'^ 

A great  deal  of  automation  also  went  into  the  tankers.'^  Un- 
manned engine  rooms,  with  self-driving  devices,  electric  eyes,  and 
instantly  triggered  alarms  became  common  on  the  supertankers,  allowing 
sharp  decreases  in  the  size  of  the  crew. 

The  cost-saving  techniques  that  have  been  developed  for  the 
building  and  operation  of  the  tankers  have  not  been  greeted  with 
universal  acclaim.  Noel  Mostert  in  a recent  New  Yorker  series  has 
criticized  such  practices  as  using  only  single  propeller  and  single 
rudder  systems.  The  Globtek  London  and  Globtek  Tokyo,  each  ^77,000 
DWT , are  propelled  by  a single  giant  propeller  produced  by  Kobe  Steel. 

We  are  not  in  a position  to  judge  such  designs  or  whether  Japanese 
pCf'.ctices  differ  from  those  of  her  European  rivals. 

5.  Developments  in  the  1 970 's 

The  specialization  of  shipyards  has  continued  over  the  past  few 
16  . . . 

years.  Massive  building  dock  and  erection  systems  have  been  de- 
veloped at  several  new  shipyards  that  allow  a more  even  time  distri- 
bution of  labor.  Basically  they  consist  in  having  more  than  one  ship 
on  the  dock  at  the  same  time. 

Productivity  in  ship  construction  continues  to  increase.  For 
example,  Mitsui  Shipbuilding  has  developed  the  ROTAS  (rotating  and 
sliding)  system  for  transferring  huge  D-type  modules  from  the  sheltered 
shops  on  the  ground  where  they  are  constructed  to  the  building  dock 
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without  the  use  of  cranes The  D-type  module,  a wing  cargo  part  of 
a tanker  or  ore/oil  carrier,  weighs  between  800  and  l400  tons  and 
measures  12,000  to  16,000  cubic  meters. 

Further  improvements  have  been  made  in  welding  technology. 

For  example,  one-sided  submerged  welding  systems  for  joining  curved 
plates  have  been  developed.  Some  of  the  most  advanced  automatic 
welding  machines  are  now  controlled  by  computers. 

In  all  areas  of  naval  architecture  the  Japanese  are  now  among  the 
leaders  in  the  world. In  the  universities  there  are  several  large 
departments  of  naval  architecture  and  marine  engineering.  All  of 
these  departments  have  outstanding  faculties  and  large  numbers  of 
students.  Approximately  200  naval  architects  graduate  each  year,  and 
most  stay  in  marine  professions. 

Furthermore,  important  work  is  also  done  at  the  National  Research 
Institutes,  such  as  the  one  at  the  Defense  Academy  in  Yokosuka.  Con- 
tact between  the  universities  and  the  industry  and  within  the  industry 
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itself  is  close  and  cooperation  is  extensive.  The  entire  program 
is  very  well  funded.  The  Japan  Shipbuilding  Research  Association  co- 
ordinates the  research  efforts  of  shipbuilding  companies,  government 
laboratories,  and  universities  through  committees  on  various  research 
projects. 

6.  LNG  Carriers 

One  area  of  ship  construction  where  the  Japanese  trail  their 

European  and  American  competition  is  in  the  construction  of  LNG 

carriers.  They  were  not  the  innovators  in  this  area  but  are  now 

working  hard  to  develop  the  technology  through  licensing  with  foreign 

2 1 

companies  and/or  developing  their  own  designs.  An  important  current 
welding  problem  is  how  to  successfully  weld  9%  nickel  steel  alloys 
and  heavy  aluminum  plates  to  be  used  for  joining  tankages  of  LNG 
carriers.  This  technology  has  been  developed  elsewhere,  but  new 
advances  may  be  made.  For  example,  some  Japanese  shipbuilding  engineers 

are  working  on  the  use  of  electron-beam  welding  for  joining  heavy 

, . .22 

aluminum  sect  ions . 
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There  are  two  basic  reasons  for  the  Japanese  lag  in  develop- 
ing LNG  carrier  technology.  The  first  is  that  this  technology  is  not 
in  the  usual  realm  of  marine  technology.  We  are  really  dealing  with 
cryogenic  systems  on  a large  scale.  This  has  been  an  area  of  tech- 
nology in  which  the  Japanese  trail.  They  have  not  gained  experience 
with  cryogenics  in  their  space  program  since  until  recently  they  only 
dealt  with  small  solid  fuel  rockets.  In  the  U.S.  the  technique  for 
liquifying  natural  gas  was  perfected  as  part  of  our  space  program, 
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in  which  large  liquid  fuel  rockets  were  developed. 

The  second  reason  for  the  lack  of  development  of  LNG  technology 
in  Japan  was  the  lack  of  development  of  the  gas  industry  in  Japan. 
Until  receitly  gas  was  not  an  important  source  of  energy  in  Japan. 

In  Europe,  where  the  technology  for  LNG  carriers  was  further  developed 
in  the  1960‘s,  gas  was  an  important  source  of  energy,  and  for  the  most 
part  it  had  to  be  imported  from  North  Africa.  The  United  Kingdom, 
France,  Sweden,  and  Norway  have  thus  led  the  way  in  building  these 
tankers  by  perfecting  the  techniques  for  handling  the  expensive 
aluminum  and  nickel  alloys  that  are  presently  used  for  LNG  tanks. 
Indeed  several  U.S.  shipbuilders,  including  Newport  News  Shipyard 

and  General  Dynamics,  have  signed  licensing  agreements  with  West 
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European  firms  as  they  undertake  the  construction  of  LNG  carriers. 

Japanese  firms  have  signed  similar  agreements  over  recent  years 

with  various  West  European  LNG  design  organizations.  Kawasaki,  for 

example,  will  start  delivering  Moss-Rosenberg  design  self-supporting 

spherical  aluminum  .tank  LNG  carriers  in  1977,  each  with  a capacity 

25 

of  128,600  cubic  meters.  It  is  worth  noting  that  the  first  LNG  ship 
of  this  design,  the  Venator,  with  a capacity  of  29,000  cubic  meters, 
has  only  this  year  been  delivered  by  Moss  Verft  to  a Norwegian 
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shipping  firm.  Thus  the  Japanese  appear  confident  that  they  will 

be  able  to  quickly  master  this  new  technology,  and  furthermore  scale 

it  to  the  size  appropriate  to  their  massive  shipyards. 

One  should  further  note  here  that  General  Dynamics  in  Quincy, 

Massachusetts,  is  also  going  through  a program  similar  to  that  at 
27 

Kawasaki.  They  are  also  using  the  Moss-Rosenberg  technology. 
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together  with  a large  amount  of  their  own  research  and  development, 
in  setting  out  to  build  seven  LNG  carriers  with  capacities  of  125,000 
cubic  meters  each.  It  would  be  interesting  to  compare  the  way  in 
which  these  v i rms  have  gone  about  developing  their  capabilities  in 
this  area.  The  General  Dynamics  design,  the  analyticcl  wc  k behind 
it,  and  the  work  on  the  properties  of  the  aluminum  alloy  to  be  used 
are  apparently  very  well  documented. 


?•  Advanced  Propulsion  Systems 

The  Japanese  have  brought  conventional  steam  and  diesel  marine 
propulsion  systems  to  a high  level  of  development.  This  deve  >pment 
has  involved  licensing  agreements  with  such  firms  as  Babcock  and 
Wilcox  and  Sulzer  Brothers  of  Switzerland.  But  the  Japanese  industry 
does  have  independent  advanced  capabilities  in  this  area  now. 

In  the  area  of  more  advanced  propulsion  systems,  which  have 
chiefly  been  of  naval  and  not  commercial  interest  thus  far,  the 
Japanese  trail,  although  they  do  have  potential  capabilities. 

The  Japanese  have  completed  the  construction  of  the  !>tutsu,  their 
first  atomic-powered  ship.  The  ’lutsu^s  power  plant  only  generates 
10,000  horsepower,  far  less  than  the  new  systems  that  may  be  used  on 
the  big  tankers  which  will  generate  100,000  to  120,000  horsepower 
Development  has  been  slowed  conside'ably  by  the  strong  fear  of 
radiation  leakage  on  the  part  of  the  Japanese  population.  The 
r^utsu  periodically  has  difficulty  getting  back  inio  port.  The  large 
companies  which  are  presently  involved  in  the  trarsfer  of  U.S.  reactor 
know-how  to  Japan  will  have  the  capability  of  developing  nuclear  pro- 
pulsion systems.  But  they  trail  their  European  and  American  com- 
petitors by  a large  margin.  Current  plans  are  for  design  work  on  the 
second  Japanese  atomic  ship  to  begin  in  1975,  with  completion  of 
construction  scheduled  in  1985. Current  European  and  American  plans 
are  far  advanced  of  this  schedule.  Some  Japanese  companies  are 
seeking  U.S.  naval  reactor  technology.^' 

The  Japanese  also  trail  in  the  development  of  marine  gas  turbine 
propulsion  systems.  This  has  mainly  been  of  Interest  to  the  U.S. 
and  U.K.  navies  up  to  this  time.^^  G.E.,  Rolls-Royce,  and  Sulzer 
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Brothers  are  presently  involved.  But  in  estimating  Japanese  capa- 

biiities  in  this  area  one  shouid  keep  in  mind  the  fact  that  Hitachi 

33 

has  been  seliing  large  gas  turbines  to  the  U.S.  for  several  years. 

Thus  the  know-how  may  exist  for  adapting  this  technoiogy  to  marine  use, 
if  it  proves  economicaiiy  viabie. 


8.  Mining  Manganese  Noduies 

Ir  deveioping  the  technoiogy  for  mining  manganese  noduies  from 
the  deep  ocean  bed  the  Japanese  have  taken  and  will  take  an  active 


part . 

Sumitomo  is  the  Japanese  leader  in  this  area.  They,  in  cooperation 
with  the  American  designer,  John  L.  Hero,  have  been  working  on  de- 
veioping the  continuous  iine  bucket  method  for  mining  nodules.  Their 

initial  work  using  a single  boat  was  not  successful,  but  plans  are 
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under  way  for  two-boat  system  which  will  soon  be  put  to  trial. 

Other  Japanese  companies  have  joined  a venture  with  the 
Tenneco  subsidiary,  Deepsea  Ventures,  Inc.,  a world  leader  in  the 


hydraulic  system  for  mining  nodules  and  in  processing  the  nodules. 
These  firms  are  C.  I toh  S Co.,  Kanematsu  Co.,  and  Nlchimen  Co. 

They  will  provide  much  of  the  hardware  involved,  building  to  Deepsea 
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Ventures'  designs. 

This  is  certainly  a most  important  area,  and  should  be  further 
explored . 
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IV.  CONCLUSIONS 


Japan's  scientific  and  technological  capabilities  are  today 
rapidly  developing.  The  increased  acquisition  of  U.S.  patents,  the 
growing  number  of  international  cross-licensing  agreements,  Japan's 
increased  participation  in  international  joint  research  efforts,  and 
the  growing  number  of  Japanese  scientific  and  technological  achieve- 
ments are  all  indicative  of  this  trend. 

This  growing  strength  is  the  result  of  an  intensified  effort  in 
Japan  to  promote  domestic  technology.  The  effort  has  for  the  most 
part  been  concentrated  in  the  major  corporations  of  the  industrial 
sector  and  the  research  institutions  associated  with  various  govern- 
ment agencies  and  ministries,  which  work  closely  with  the  large  in- 
dustrial laboratories.  Basic  research,  largely  the  province  of  the 
universities,  has  been  very  poorly  funded.  The  focus  has  been  on  de- 
veloping technology  with  a strong  commercial  potential.  (Research 
related  to  military,  space  and  other  national  interest  applications 
has  played  a very  small  role  in  Japan's  efforts.)  The  Industrial 
effort  is  directed  toward  a relatively  small  number  of  industries, 
electrical  machinery  and  electronics,  autos,  chemicals,  iron  and  steel, 
and  ships  account  for  most  of  Japan's  industrial  R&D  expenditure. 

Much  of  the  basic  technology  upon  which  Japanese  efforts  build 
has  been  imported  from  abroad  by  licensing.  In  the  days  when  foreign 
Investment  in  all  sectors  was  tightly  controlled  by  the  Ministry  of 
International  Trade  and  Industry  (MITI),  prior  to  1968,  the  Japanese 
systematically  went  about  acquiring  the  technology  upon  which  to  de- 
velop their  economy.  The  United  States  was  the  source  of  almost  60^^ 
of  this  technology.  In  fields  from  pet ro-chemi ca 1 s to  computers, 
technical  assistance  agreements  were  concluded  to  Introduce  advanced 
technologies.  These  agreements  typically  called  for  royalties  of  less 
than  51  of  sales,  and  constituted  a bargain  for  Japanese  industry. 

For  example.  Japanese  industry  acquired  U.S.  light  water  reactor 
technology  for  only  6 billion  yen  ($20  ml  1 1 ion) . a very  small  fraction 
of  the  original  development  cost.  Licensing  thus  allowed  the  rapid 
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development  of  technological  capabilities  at  minimum  expenditure.  The 
government--and  especially  MITI--played  a key  role  in  keeping  down  the 
cost  of  imported  technology,  and  in  gaining  access  to  foreign  tech- 
nology for  Japanese  firms. 

In  recent  years  with  Japan's  accelerating  movement  toward  broad 
technological  parity  with  the  West,  the  character  of  imported  tech- 
nology has  been  changing  while  the  quantity  has  continued  to  grow. 

There  has  been  a nrovement  away  from  agreements  involving  technical 
assistance  toward  pure  patent  licensing.  Cross- I i cens ing  has  also  in- 
creased, and  related  Japanese  companies  have  taken  part  in  joint- 
research  efforts  with  U.S.  companies.  There  hi,ve  been  a few  we  I I - 
publicized  exports  in  such  areas  as  urea  fertilizer  and  automotive 
engines,  cases  where  the  Japanese  have  been  able  to  sell  improved  tech- 
nology back  to  its  source. 

Japanese  research  efforts  have  largely  moved  forward  in  parallel 
with  those  of  the  United  States.  Even  with  the  increased  stress  on 
developing  domestic  technology  in  Japan,  and  the  corresponding  increase 
in  levels  of  expenditure  on  RSD,  Japanese  industry  still  has  diffi- 
culty competing  head-on  with  the  giant  American  companies.  For  example, 
IBM's  $730  million  annual  expenditure  on  R&D  allows  it  to  conduct  re- 
search in  very  high  risk  basic  research  areas,  such  as  crvogenic  com- 
puters. No  Japanese  company  can  hope  to  emulate  such  an  effort. 
Similarly,  Bell  and  Corning  Glass  have  been  more  successful  in  develop- 
ing optical  fibers  than  NEC  and  Nippon  Sheet  Glass  with  their  com- 
paratively I imi ted  .means.  H igh- temperature  superconductors  and  high- 
energy  pulsed  lasers  will  be  developed  in  the  United  States  rather 
than  in  Japan. 

Japanese  companies  instead  specialise  in  developing  and  improving 
existing  technology.  While  the  cream  may  have  been  skimmed  by  the 
originator  of  the  technology,  there  remain  often  many  further  appli- 
cations or  improvements  to  be  made.  To  cite  an  example,  the  Japanese 
are  not  leaders  in  basic  research  on  artificial  intelligence  or  high- 
temperature  superconducting  materials,  but  they  have  developed  some 
very  interesting  industrial  robots  and  the  commercial  production  of 
V^Ga  wire.  They  were  not  the  originators  of  the  electron  microscope. 
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but  they  have  become  leaders  in  the  development  of  this  instrument. 

The  same  is  true  for  the  Tokomak  concept  for  fusion  reactors,  welding 
technology  for  shipbuilding,  and  oxygen  converters  for  iron  and  steel 
manufact ur i ng . 

The  Japanese  have  done  little  pioneering  on  basic  technology. 
They  have  had  to  be  selective  in  choosing  where  to  concent '■ate  their 
R&D  efforts,  and  high-risk  pioneering  research  has  been  given  low 
priority  for  the  most  part.  This  can  cause  problems  for  the  Japanese, 
for  there  is  always  the  danger  of  being  leap  f rogged  by  developments 
elsewhere.  Possible  examples  of  this  exist  in  the  areas  of  fermen- 
tation technology  and  ship  propulsion  systems,  areas  where  Japanese 
industry  has  reached  high  levels  in  the  conventional  technology. 

Advanced  technology  may  be  increasingly  expensive  to  license. 
With  foreign  investment  largely  decontrolled,  foreign  firms  will  be 
more  insistent  on  Joint  ventures,  and  market  restrictions  on  the 
licensee  may  become  increasingly  onerous.  One  detects  a reluctance 
to  licerise  technology  to  Japan  among  some  U.S.  companies  now  that  the 
Japanese  are  approaching  technological  parity.  But  any  reluctance 
has  yet  to  be  reflected  in  the  licensing  statistics.  (This  question 
is  worthy  of  further  more  systematic  study.) 

Today  government  policy  in  Japan  is  to  concentrate  on  "knowledge 
intensive"  areas,  such  as  computers,  fine  chemicals,  nuclear  energy, 
semiconductors,  and  other  industries  where  significant  levels  of  R&D 
expenditure  are  required  to  compete  on  world  markets.  To  implement 
this  policy  the  government  is  increasing  its  R&D  expenditures  in  many 
of  these  areas,  hoping  to  make  Japanese  industry  more  competitive  on 
world  markets. 

Japan's  goal  of  restructuring  its  industry  so  as  to  decrease 
emphasis  on  the  heavy  industries,  which  consume  large  amounts  of  raw 
materials  and  where  technology  is  relatWely  stable,  and  Increase 
emphasis  on  "knowledge  intensive"  Industries,  which  have  a high  value 
added  and  whose  technology  is  rapidly  changing,  will  challenge  her 
present  technological  capabilities.  Her  greatest  success  in  the  past 
has  largely  been  in  areas  of  relatively  stable  technology.  Pioneering 
breakthroughs  have  been  rare  and,  indeed,  have  not  been  sought.  Now 
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greater  levels  of  R&D  funds  will  have  to  be  provided  so  as  to  pursue 
more  basic  research.  There  is  especially  room  for  improvement  in 
funding  university  research,  but  industry  could  also  bring  its  R&D 
expenditure  as  a percentage  of  sales  more  in  line  with  U.f  figures. 

Present  economic  difficulties  make  substantial  real  growth  in 
R&D  expenditures  unlikely,  and  so  the  shift  tov^ard  "knowledge  intensive 
industries  is  likely  to  be  gradual  for  the  next  several  years.  The 
Japanese  will  still  have  to  be  thoughtful  and  selective  in  the  research 
efforts  they  pursue.  Bl"-  they  have  long  demonstrated  their  ability 
in  product-oriented  R&D  of  commercial  importance,  and  such  developments 
as  Toyo  Rayon's  carbon  fiber.  Professor  Masumoto's  amorphous  steel 
alloy,  and  Furukawa  Electric's  superconducting  wire  indicate  they  will 
be  successful  in  product  development  in  "knowledge  intensive"  areas, 
even  if  the  majority  of  fundamental  breakthroughs  continue  to  come  from 
abroad . 

The  government  Is  responsible  for  the  long-term,  large- 
'^cale  re.^eaicti  efforts.  The  process  of  deciding  on  whicli  areas  to 
concentrate  government  R&D  efforts  involves  the  accommodat ioii  of  the 
Interests  of  the  different  government  agencies  and  often  of  Industry. 
The  projects  chosen  aim  at  satisfying  long-term  national  and  industrial 
needs.  Japanese  transportation  problems  have  led  to  the  funding  of 
research  on  road  traffic  control  and  magnetically  levitated  trains. 
Pollution  problems  have  led  to  the  funding  of  research  on  flue  gas 
desulfurization  and  electric  cars.  The  potential  of  the  oceans  to 
solve  many  resource  oroblems  is  recognized  with  funding  of  research 
on  desalination  and  remotely  controlled,  deep  sea  oil  drilling  rigs. 

New  sources  of  energy  and  the  efficient  uses  of  present  energy 
resources  are  also  emphasized.  All  of  these  areas  are  of  critical 

Importance  to  Japan. 

It  is  in  the  large-scale  government  projects  that  the  greatest 
opportunity  for  government  to  government  cooperation  exists.  MHD 
power  generation,  plasma  fusion,  road  traffic  control,  cryogenic 
power  transmission,  magnetically  levitated  transportation,  and  solar 
energy  are  examples  of  areas  where  joint  development  efforts  might  be 
truly  joint  efforts,  and  where  government  involvement  will  be  great 
both  In  the  United  States  and  in  Japan. 
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applnoix 


Cl  ASSES  OF  THE  U.  S.  PATENT  CLASSIFICATION  SYSTEM 


Classes  Included  in  Country  and  State  Profil e s 

Listed  below  are  the  official  titles  of  the  classes  of  the  U.  S.  patent  classifi- 
cation  system  which  are  referred  to  by  number  in  the  country  and  state  pro- 
files included  in  this  third  report.  lor  some  titles  brief  explanations  or 
examples,  not  part  of  the  official  title,  have  been  included  to  aid  the  reader 
in  comprehending  the  scope  of  the  class.  The  titles  are  intended  to  be  merely 
indicative  and  are  not  definitive  of  the  technology  included  in  the  class. 

Detailed  definitions  (a  complete  set  comprising  some  15  volumes  of  material) 
of  every  class  and  official  subclass  in  the  U.  S.  patent  classification  system 
are  available  and  may  be  purchased,  in  total  or  in  part,  from  the  Patent 

Office.  Inquiries  or  orders  should  be  addressed  to  Commissioner  of  Patents 
Washington,  D.  C.  20231.  .itunis. 


Class 

2 

4 

5 
8 

9 

10 

12 

13 

15 

16 

17 

19 

21 

23 

24 
26 
28 

29 


30 

32 

33 


Title 


Apparel 

Baths,  Closets,  Sinks  Ar.d  Spittoons 
Beds 

Bleaching  .And  Dyeing;  Fluid  Treatment  And  Chemical  Modi- 
fication Of  Textiles  And  Fibers 
Boats,  Buoys  And  Aquatic  Devices 
Bolt,  Nail,  Nut,  Rivet  And  Screw  Making 
Boot  And  Shoe  Making 
Electric  Furnaces 

Brusiiing,  Scrubbing  And  General  Cleaning 
Miscellaneous  Hardware  (e.  g.  , carpet-fasteners,  door 
hangers,  sash-weights,  hinges,  'urnitur  e-castcr  s,  etc.) 
Butchering 

Textiles,  Fiber  Preparation  (mechanical  manipulation  of 
fibers  to  place  them  in  condition  for  use) 

Preserving,  Disinfecting  And  Sterilizing 
Chemistry  (includes  chemical  analysis  and  preparation  or 
physical  treatment  of  inorganic  coiTipounds) 

Buckles,  Buttons,  Clasps,  Etc,  (includes  industrial  fasteners) 
Textilf  s.  Cloth  Finishing 

Textiles,  Manufacturing  (miscellaneous,  e.g.  , texturing,  felting, 
warp  preparing) 

Metal  Working  (includes  metal  article  assembling  and  disas- 
sernbling  with  or  without  shaping,  also  the  manufacture  of 
a wide  variety  of  spe  'alized  items) 

Cutlery  (includes  indu  trial  cutting  tools,  pruning  saws,  cold 
chisels,  pipe  cutters,  etc.) 

Dentistry 

Geometrical  Instruments  (e.g.,  aerial  bomb  sights,  gyroscopic 
compasses,  etc.  ) 


I 
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Class 


34 

35 

36 

37 

38 
40 

42 

43 

44 

46 

47 

48 

49 

51 

52 

53 

55 

56 

57 

58 

59 

60 
61 
62 

63 

64 

65 

66 
68 

70 

71 

72 

73 

74 

75 

76 
81 
82 

83 

84 

85 

89 

90 

91 

92 

93 


Title 

Drying  And  Gas  Or  Vapor  Contact  With  Solids 
Education 

Boots,  Shoes  And  Leggings 
Excavating 

Textiles,  Ironing  Or  Smoothing 
Card,  Picture  And  Sign  Exhibiting 
Firearms 

Fishing.  Trapping  And  Vermin  Destroying 
Fuel  5^d  IgnUing  Devices  (e.  g.  , diesel  fuel  containing 
ignition  promoters,  matches) 

Amusement  Devices,  Toys 
Plant  Husbandry 

Gas  Heating  And  Illuminating  . 

Movable  Or  Removable  Closures  (e.  g. , portable  barricades, 

emergency  exit  doors,  louvers) 

SUttc'^ructures,  E.  g.  , Buildings  (including  components) 
Package  Making  (e.g. , wrapping  machines) 

Gas  Separation 

Harvesters  . , •• 

Textiles,  Spinning,  Twisting  And  Twining 

Horology 

Chain,  Staple  And  Horseshoe  Making 
Power  Plants  (e.g.,  jet  engines,  turbines) 

Hydraulic  And  Earth  Engineering 
Refrigeration 

Machin^  Elements,  Shafting  And  Flexible  Shaft  Couplings 
Glass  Manufacturing 
Textiles,  Knitting 

Textiles,  Fluid  Treating  Apparatus 
Locks 

Chemistry,  Fertilizers  . 

Metal  Deforming  (e.g.,  rolling,  extruding,  drawing,  etc.) 
Measuring  And  Testing  (other  than  electrical) 

Machine  Elements  And  Mechanisms  (e.  g.  . mechanical  move- 
ments, gearing,  linkage  systems,  cams) 

Metallurgy  (e.g.,  alloy  production  processes) 

Metal  Tools  And  Implements,  Making 
Tools  (e.g.,  pliers,  wrenches) 

Cuttin*^^(i^*g!  / complete  cutting  systems  including  patterns 

and  guides)  . 

Music  (musical  instruments  and  accessories) 

Driven,  Headed,  And  Screw-Threaded  Fastenings 
Ordnance 

Gear  Cutting,  Milling  And  Planing 

Motors,  Expansible  Chamber  Type  (apparatus  for  con- 

verting  energy  of  a pressurized  fluid  into  mechanical  work) 
Expansible  Chamber  Devices  (reciprocating  or  oscillating 
devices  with  no  valve  control  of  the  motive  flui  ) , 

Paper  Manufactures  (e.g.,  machines  for  making  bags,  boxes, 

envelopes,  etc.  ) 
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i Class 

\ — 


* 

■: 


95 

96 

98 

99 
100 
101 
102 

104 

105 

106 
108 

110 

112 

113 

114 

115 

116 

117 

118 
119 
122 

123 

124 


125 

126 


127 

128 

130 

131 

132 


134 

135 

136 

137 

138 

139 

140 

141 


144 

148 


149 

150 

151 

152 


Title 

Photography  (generally  excludes  lenses  per  se) 

Photographic  Chemistry,  Processes  And  Materials 

Ventilation 

Foods  And  Beverages 

Presses 

Printing 

Ammunition  And  Explosive  Devices 

Railways  (e.  g.  , railv/ay  systems,  tracklayers,  ski  tows, 
monorails,  cable  cars) 

Railway  Rolling  Stock 
Compositions,  Coating  Or  Plastic 

Horizontally  Supported  Planar  Surfaces  (e.  g. , tables,  indus 
trial  platforms) 

Furnaces  (generally  solid  fuel  burning) 

Sewing 

Sheet-Metal  Ware,  Making  (e.  g.  , can  making  machines) 
Ships 

Marine  Propulsion 

Signals  And  Indici- tors  (e.  g.  , bells,  sirens,  flags,  curb 
feelers) 

Coating;  Processes  And  Miscellaneous  Products 

Coating  Apparatus 

Animal  Husbandry 

Liquid  Heaters  And  Vaporizers 

Internal-Combustion  Engines 

Mechanical  Guns  And  Projectors  (non-explosive  guns, 
e.  g. , under  water  spear  guns;  and  projectors,  e.  g. , 
bows,  cross-bows) 

Stone  Working 

Stoves  And  Furnaces  (e.  g. , cooking  stoves,  steaming 
apparatus,  fireplaces) 

Sugar,  Starch  And  Carbohydrates 

Surgery 

Threshing 

Tobacco 

Toilet  (personal  care  articles,  e.  g. , combs,  manicure 
tools) 

Cleaning  And  Liquid  Contact  With  Solids 
Tents,  Canopies,  Umbrellas  And  Canes 
Batteries  (including  thermoelectric  generators) 

Fluid  Handling  (including  plumbing  and  valve  systems) 
Pipes  And  Tubular  Conduits 
Textiles,  Weaving 
Wirewerking 

Fluent  Material  Handling,  With  Receiver  Or 
Receiver  Coacting  Means 
Woodworking 

Metal  Treatment  (processes  for  treating  solid  metal 
to  change  its  physical  or  chemical  properties) 

Explosive  And  Thermic  Compositions  Or  Charges 
Cloth,  Leather  And  Ruliber  Receptacles 
Nut  and  Bolt  Locks 
Resilient  Tires  And  Wheels 


i 

1 

( 


1 


I 

■i 
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Clasg 

156 

159 

160 
161 

162 

164 

165 

166 
169 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180 
181 
182 
184 

187 

188 

191 

192 

193 

194 

195 

197 

198 
200 
202 

203 

204 


206 

208 

209 

210 
211 
212 

214 

215 
217 


Title 


Adhesive  Bonding  And  Miscellaneous  Chemical  Manufacture 
(includes  articles  such  as  simulated  wood  paneling) 
Concentrating  Jlvaporators 

Closures,  Partitions  And  Panels,  Flexible  And  Portable 
Stock  Material  And  Miscellaneous  Articles  (primarily 
webs,  sheets,  rods  and  fibers) 

Paper  Making  And  Fiber  Liberation 
Metal  Founding 
Heat  Exchange 
Wells 

Fire-Extinguishers 

Unearthing  Plants  Or  Buried  Objects 

Earth  Working 

Tool  Driving  Or  Linpacting  (e.  g.  , pile  drivers,  jack  hammers) 

Electricity,  Conductors  And  Insulators 

Boring  Or  Penetrating  The  Earth 

Nuclear  Reactions  And  Systems 

Weighing  Scales 

Telegraphy  (includes  television) 

Telephony 
Motor  Vehicles 
Acoustics 

Fire  Escapes,  Ladders,  Scaffolds 

Lubrication 

Elevators 

Brakes 

Electricity,  Transmission  To  Vehicles 
Clutches  And  Power-Stop  Control 
Conveyers,  Chutes,  Skids,  Guides  And  Ways 
Check-Controlled  Apparatus  (e.  g. , coin,  token  or  card  oper- 
ated devices) 

Chemistry,  Fermentation 

Typewriting  Machines 

Conveyers,  Power-Driven 

Electricity,  Circuit  Makers  And  Breakers 

Distillation:  Apparatus 

Distillation:  Processes,  Separatory 

Chemistry,  Electrical  And  Wave  Energy  (processes  including 
electrolysis,  electrophoresis,  electro-osmosis  and  liquid 
separation  by  physical-chemical  action  of  an  electrical 
stress) 

Special  Receptacles  And  Packages  (e.  g.  glasses  cases,  medi- 
cine chests,  key  cases,  milk  cartons) 

Mineral  Oils:  Processes  And  Products  (c.  gt , crude  oil 
refining) 

Classifying,  Separating  And  Assorting  Solids 
Liquid  Purification  Or  Separation 
Supports,  Racks 
Traversing  Hoists 

Material  Or  Article  Handling  (c.  g.  , vehicle  loading  and  un- 
loading systems) 

Bottles  And  Jars 
Wooden  Receptacles 
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Class 


219 

220 
221 

222 

223 

224 

225 

226 

227 

228 
229 
233 

235 

236 

237 

238 

239 

240 

241 

242 

244 

246 

248 

249 

250 

251 

252 

254 

256 

259 

260 
261 

264 

266 

267 

269 

270 

271 


Title 


Electric  Heating  (e.  g. . arc  welding  and  cutting,  electrically 
heated  tools  and  instruments) 

Metallic  Receptacles 

Article  Dispensing  (i.  e. , a discrete  article;  e.  g. , napKin 

dispenser)  ^ ^ „ 

Dispensing  (i.  e.,  dispensing  a fluent  mass  material,  e.  g. , 

talcum  powder  dispenser) 

Apparel  Apparatus  . , 

Package  And  Article  Carriers  (e.  g. , tool  carriers,  watch 

bands,  trays) 

Severing  By  Tearing  Or  Breaking 

Advancing  Material  Of  Indeterminate-  Length  (e.  g.  , anchor 
line  windlass,  sprocketed  feeders) 
Elongated-Member-Driving  Apparatus  (e.  g.  , nail,  stud, 
staple  drivers) 

Metal  Fusion-Bonding  Apparatus 

Paper  Receptacles  (e.  g. , bags,  envelopes,  wrappers) 
Centrifugal -Bowl  Separators  . , . 

Registers  (e.  g. , cash  registers,  computational  equipment, 

etc* ) 

Autor^atic  Temperature  And  Humidity  Regulation 

Heating  Systems  , . , 

Railways,  Surface  Track  (e.  g.  , road  bed  structure, 
stringers,  ties,  track  fastening,  etc,  ) 

Fluid  Sprinkling,  Spraying  And  Diffusing 

Illumination  (e.  g. , lamps,  lanterns,  shades,  reflectors) 

Solid  Material  Comminution  Or  Disintegration 

Winding  And  Reeling  (e.  g.  , electric  coils,  bobbins,  spools, 

fishing  reels) 

Aeronautics 

Railway  Switches  And  Signals 

Supports  (miscellaneous  specialized  support  and  bracket 
devices) 

Static  Molds  ( •♦.  g. , concrete  molds) 

Radiant  Energy  (e.  g.  , photo-cells,  X-Ray  systems) 

Valves  And  Valve  Actuation 

Compositions  (e.  g. , catalysts,  non-resinous  mixtures  of  two 

or  more  substances)  , • i. 

Pushing  And  Pulling  Implements  (e.  g. , hoist  trucks,  jacks, 

nail  extractors,  cable  devices,  etc.  ) 


Fences  , , j \ 

Agitating  (e.  g. , stirrers,  mortar  mixers,  kneaders) 

Chemistry,  Carbon  Compounds  . 

Gas  And  Liquid  Contact  Apparatus  (e.  g. , for  mixing  gases 

with  liquids) 

Plastic  And  Non-Metallic  Article  Shaping  Or  Treating 
Processes 

Metallurgical  Apparatus 
Spring  Devices 

Work  Holders  (e.g. , clamps,  vises,  worktables) 
Sheet-Material  Associating  Or  Folding 

Sheet  Feeding  Or  Delivering  (e.  g.  , devices  for  removing 
individual  sheets  from  a stack) 
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Class 

272 

273 

274 
277 

279 

280 

285 

287 

290 

292 

294 

296 

297 

298 
299 

301 

302 

303 
305 
307 


308 

310 

312 

313 
315 
317 


318 

320 

321 

322 

323 

324 

325 

328 

329 

330 

331 

332 

333 


Title 


Amusement  ^ncl  Exercisiiip,  Devices 

Amusement  Devices,  Games  (includes  sports  equipment) 

Sound  Recording  And  Reproducing 

Joint  Packing  (sealing  against  the  passage  of  fluids  between 
adjacent  members) 

Chucks  Or  Sockets 

Land  Vehicles  (generally  non-motorized,  e.  g.  , carts,  trailers, 
bicycles) 

Pipe  Joints  Or  Couplings 
Rod  Joints  Or  Couplings 

Prime-Mover  Dynamo  Plants  (e.  g.  , turbogenerators;  hydro- 
generators;  wind,  tide  and  wave  powered  generators) 

Closure  Fasteners  (c.  g.  , latching  devices) 

Handling,  Hand  And  Hoist-Line  Implements  (e.  g. , grapples) 

Land  Vehicles,  Bodies  And  Tops 

Chairs  And  Seats 

Land  Vehicles,  Dumping 

Mining  Or  In  Situ  Disintegrati  a Of  Hard  Material 
Land  Vehicles,  Wheels  And  Axles 

Conveyers,  Fluid  Current  (c,  g.  , pneumatic  conveyers) 
Fluid-Pressure  Brake  And  Ajialogous  Systems 
Wheel  Substitutes  For  Land  Vehicles  (e,  g, , tracks  and  treads) 
Electrical  Transmission  Or  Interconnection  Systems 

(includes  solid  state  device  circuits,  timing  circuits  and 
electrical  switching  systems) 

Machine  Elements,  Bearings  And  Guides 
Electrical  Generator  Or  Motor  Structure 
Supports,  Cabinet  Structures  (c,  g. , record  holders,  radio 
cabinets) 

Electric  Lamp  And  Discharge  Devices  (e.  g. , grids,  anodes, 
cathodes,  lamp  envelopes,  spark  plugs) 

Electric  Lamp  And  Discharge  Devices,  Systems  (e,  g,  , cathode 
ray  tube  circuits) 

Electricity  (c.  g. , safety  and  protection  systems;  polarity 

reversing,  igniting,  switchboard  devices;  circuits  and  relays, 
barrier  layer  devices  and  capacitors) 

Electricity,  Motive  Power  Systems  (e.  g.  , electric  motors, 
servo  systems) 

Electricity,  Battery  And  Condenser  Charging  And  Discharging 
Electricity  Conversion  Systems  (e.  g.  , rectification,  phase 
and  frequency  conversion) 

Electricity,  Single  Generator  Systems 

Electricity,  Voltage  Magnitude  And  Phase  Control  Systems 
Electricity,  Measuring  And  Testing 
Modulated  Carrier  Wave  Communication  Systems 
Miscellaneous  Electron  Space  Discharge  Device  Systems 
(e. g. , pulse  generators) 

Demodulators  And  Detectors 

Amplifiers 

Oscillators 

Modulators 

Wave  Transmission  Lines  And  Networks 
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Class 


Title 


334 

335 

336 

337 

338 

339 

340 

343 

346 


350 

351 

352 

353 

355 

356 

401 

408 

415 

416 

417 

418 

423 

424 

425 

431 

432 


Tuners 

Electricity,  Magnetically  Operated  Switches,  Magnets  And 
Electromagnets 
Inductor  Devices 

Electricity,  Electrothermally  Or  Thermally  Actuated  Switches 
Electrical  Resistors 
Electrical  Connectors 

Communiccations,  Electrical  (c.  g.  , data  processing,  traffic 
control,  telemetry  systems) 

Communications,  Radio  Wave 

Recorders  (includes  apparatus  for  recording  the  movement 
of  machines  and  various  phenomena;  e.  g.  , workmen's 
time-clock,  seismic  cameras) 

Optics,  Systems  And  Elements 

Optics,  Eye  Examining,  Vision  Testing  And  Correcting 
Optics,  Motion  Pictures 
Optics,  Image  Projectors 
Photocopying 

Optics,  Measuring  And  Testing  (e.  g.  , range  finders,  photo- 
meters, spectroscopes,  etc.  ) 

Coating  Implements  With  Material  Supply  (e,  g.  , ball  point 
pens,  paint  rollers  with  reservoir,  pencils,  lipsticks,  etc.  ) 
<w.utting  By  Use  Of  Rotating  Axially  Moving  Tool  (e.  g.  , drill 
presses) 

Rotary  Kinetic  Fluid  Motors  Or  Pvunps  (includes  water  wheels, 
turbines  and  blowers) 

Fluid  Reaction  Surfaces  (i.  e. , impellers) 

Pumps  (e.g.,  complete  pumps  with  drive  and  pump  systems) 
Rotary  Expansible  Chamber  Devices  (rotary  expansible  chamber 
pump  and  motor,  including  internal  combustion  motor) 
Chemistry,  Inorganic 

Drug,  Dio- Affecting  And  Body  Treating  Compositions 

Plastic  Article  Or  Earthenware  Shaping  Or  Treating:  Apparatus 

Combustion  (e.g.,  incandescent  mantle,  cigarette  lighters; 

burners  with  features  specialized  to  combustion) 

Heating  (includes  processes  of  licating  an  article,  industrial 
furnaces) 


Classes  Excluded  from  Country  and  State  Profiles 

The  following  classes  were  not  treated  in  the  country  and  state  profiles  be- 
cause of  their  very  small  size  or  their  lack  of  significant  current  activity 

for  any  country. 


Title 

3 

Artificial  Body  Members 

6 

Dee  Culture 

7 

Compound  Tools 

11 

Books,  Making 

14 

Bridges 

27 

Undertaking 

54 

Harness 

Titles  corresponding  to  the  class  numbers  appear  in  Appendix  ' 


